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4D N = 2 SCFT AND SINGULARITY THEORY PART II: COMPLETE
INTERSECTION
BINGYI CHEN, DAN XIE, SHING-TUNG YAU, STEPHEN S.-T. YAU, AND HUAIQING ZUO
Abstract. We classify three dimensional isolated weighted homogeneous rational complete in-
tersection singularities, which define many new four dimensional N = 2 superconformal field
theories. We also determine the mini-versal deformation of these singularities, and therefore
solve the Coulomb branch spectrum and Seiberg-Witten solution.
1. Introduction
This is the second of a series of papers in which we try to classify four dimensional N = 2
superconformal field theories (SCFTs) using classification of singularity. This program has
several interesting features:
• The classification of field theory is reduced to the classification of singularities, which
in many cases are much simpler than the classification using field theory tools.
• Many highly non-trivial physical questions such as Coulomb branch spectrum and the
Seiberg-Witten solution [SW1, SW2] can be easily found by studying the mini-versal
deformation of the singularity.
In [XY], we conjecture that any three dimensional rational Gorenstein graded isolated singu-
larity should define a N = 2 SCFT. A complete list of hypersurface singularities was obtained
in [YY, YY1], and this immediately gives us a large number of new four dimensional N = 2
SCFTs.
The natural next step is to classify three dimensional rational weighted homogeneous isolated
complete intersection singularities (ICIS). To our surprise, the space of such singularities is
also very rich, and we succeed in giving a complete classification. Let’s summarize our major
findings:
• The number of polynomials defining ICIS is two, i.e. the singularity is defined as f1 =
f2 = 0.
• We find a total of 303 class of singularities, and some of them consist only finite number
of models, but we do get many infinite sequences.
Our classification gives many new interesting 4d N = 2 SCFTs. Some of these singularities
describe the familiar gauge theory, i.e. the singularity ( f1, f2) = (z21 + z22 + z23+ z24 + z2N5 , z21+2z22 +
3z23 + 4z24 + 5z2N5 ) describes the affine D5 quiver gauge theory with SU type gauge group, see
figure. 1. The major purpose of this paper is to describe the classification, and more detailed
study of the corresponding SCFTs will appear in a different publication.
The work of S.T Yau is supported by NSF grant DMS-1159412, NSF grant PHY- 0937443, and NSF grant
DMS-0804454. The work of Stephen Yau and Huaiqing Zuo is supported by NSFC (grant nos. 11401335,
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Figure 1. 4d N = 2 SCFT described by the singularity ( f1, f2) = (z21 + z22 + z23 +
z24 + z
2N
5 , z
2
1 + 2z22 + 3z23 + 4z24 + 5z2N5 ). Here the gauge group is S U(2N).
This paper is organized as follows: Section two reviews the connection between the physics
of 4d N = 2 SCFT and the property of ICIS; Section III reviews some preliminary facts about
the general property of singularities; Section IV proves that the maximal embedding dimension
of 3d rational ICIS is five, and section V classifies the general weighted homogeneous ICIS and
we also compute the Milnor number and the monomial basis of the mini-versal deformations.
2. ICIS and 4d N = 2 SCFT
Four dimensional N = 2 SCFT has an important S U(2)R × U(1)R R symmetry. These the-
ories have half BPS scalar operators Er,(0,0) which can get expectation value and parameterize
the Coulomb branch, here r is the U(1)R charge and this operator is a singlet under S U(2)R
symmetry. The scaling dimension of operator Er,(0,0) is ∆ = r, and if 1 < r < 2, one can turn on
the relevant deformation
δS = λ
∫
d4θEr,(0,0) + c.c. (2.1)
The scaling dimension of the coupling constant is determined by the relation [λ]+ [Er,(0,0)] = 2.
The coupling constants do not lift the Coulomb branch, but will change the infrared physics, so
we need to include those coupling constants besides the expectation values of Er,(0,0) to parame-
terize the Coulomb branch. We also have the dimension one mass parameters mi which can also
change the IR physics, which should also be included as the parameters of Coulomb branch. To
solve the Coulomb branch of a N = 2 SCFT, we need to achieve the following two goals:
• Determine the set of rational numbers which include the scaling dimension of the cou-
pling constants λ, Coulomb branch operators Er,(0,0), and mass parameters mi.
(r1, . . . , 1, . . . , 1, . . . rµ). (2.2)
Since the scaling dimension of the coupling constant is paired with that of Coulomb
branch operator, this set is symmetric with respect to identity.
• Once we find out the parameters on the Coulomb branch, we want to write down a
Seiberg-Witten curve which describes the low energy effective theory on the Coulomb
branch
F(zi, u) = 0. (2.3)
Here u includes all the parameters discussed above.
These two questions are central in understanding Coulomb branch of a N = 2 SCFT, and in
general are quite hard to answer.
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If our 4d SCFT is engineered using 3-fold singularity, the above two questions can be found
from the miniversal deformation of the singularity1. The formulae for the hypersurface case has
been given in [SV, CNV]. In the following, we will review the relevant formulas for ICIS case,
which is first derived in [XY].
Consider a three dimensional ICIS defined by two polynomials f = ( f1, f2), where f is the
map f : (C5, 0) → (C2, 0) 2. We require the defining polynomials to have a manifest C∗ action,
which is proportional to the U(1)R symmetry of the field theory. We normalize the C∗ action so
that the weights of the coordinates (z1, . . . , z5) are (w1,w2, . . . ,w5), and the degree of f1 is one,
the degree of f2 is d:
f1(λwizi) = λ f1(zi), f2(λwizi) = λd f2(zi). (2.4)
This singularity has a distinguished (3, 0) form:
Ω =
dz1 ∧ dz2 ∧ . . . ∧ dz5
d f1 ∧ d f2 , (2.5)
which has charge ∑ wi − 1 − d under the C∗ action. To define a sensible 4d SCFT, we require
this charge to be positive, which means that∑
wi > 1 + d. (2.6)
We conjecture that this condition is necessary and sufficient to define a SCFT. Such singularity
is called rational singularity, see section III for the definition. The SW solution is described by
the mini-versal deformation of the singularity:
F(λ, zi) = f (zi) +
µ∑
α=1
λαφα, (2.7)
here φα is the monomial basis of the Jacobi module of f , and µ is the Milnor number. The
coefficient λα is identified with the parameters on Coulomb branch. The scaling dimension
of λα is determined by requiring Ω to have dimension one as its integration over the middle
homology cycle of Milnor fibration gives the mass of BPS particle, and we have
φα = [φα, 0] : [λα] =
1 − Qα∑
wi − 1 − d
,
φα = [0, φα] : [λα] =
d − Qα∑
wi − 1 − d
. (2.8)
Here Qα is the C∗ charge of the monomial φα. The spectrum is classified into following cate-
gories:
• Coulomb branch operator Er,(0,0) if [λα] > 1.
• Mass parameters if [λα] = 1.
• Coupling constants for relevant deformations if 0 < [λα] < 1.
• Exact marginal deformations if [λα] = 0. These deformations are related to the moduli
of the singularity.
• Irrelevant deformations if [λα] < 0.
1If the theory is engineered using M5 branes [Ga, GMN, NX, CDY, Xie, WX], these questions are solved
by spectral curve of Hitchin system. If the theory is engineered using Kodaira singularity [ALLM1, ALLM2,
ALLM3], these questions can also be solved by studying the deformations of the singularity.
2ICIS defined by two polynomials is enough for our purpose, see section IV.
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The spectrum is paired and is symmetric with respect to one, which is in perfect agreement with
the field theory expectation.
Example: Consider the singularity f = ( f1, f2) = (z21+z22+z23+z24+z25, z21+2z22+3z23+4z24+5z25) =
0. The weights and degrees of two polynomials are (12 , 12 , 12 , 12 , 12 ; 1, 1). The Jacobi module J f
has the basis
φ1 = [0, z25], φ2 = [0, z24], φ3 = [0, z5], φ4 = [0, z4], φ5 = [0, z3],
φ6 = [0, z2], φ7 = [0, z1], φ8 = [0, 1], φ9 = [1, 0]. (2.9)
Using the formula (2.8), we find the scaling dimension of the coefficients λi in mini-versal
deformation:
[λ1] = [λ2] = 0, [λ3] = [λ4] = [λ5] = [λ6] = [λ7] = 1, [λ8] = [λ9] = 2; (2.10)
So this theory has two exact marginal deformations, two Coulomb branch operators with di-
mension 2, and five mass parameters. The corresponding gauge theory is depicted in figure. 1
with N = 1.
In the following sections, we will classify all possible 3 dimensional weighted homogeneous
ICIS, and describe the miniversal deformation. The Coulomb branch is then solved using for-
mulas 2.7 and 2.8.
3. Preliminaries
In this section, we recall some definitions and known results about the Gorenstein singularity.
Definition 3.1. For a commutative Noetherian local ring R, the depth of R (the maximum length
of a regular sequence in the maximal ideal of R) is at most the Krull dimension of R. The ring R
is called Cohen-Macaulay if its depth is equal to its dimension. More generally, a commutative
ring is called Cohen-Macaulay if it is Noetherian and all of its localizations at prime ideals
are Cohen-Macaulay. In geometric terms, a scheme is called Cohen-Macaulay if it is locally
Noetherian and its local ring at every point is Cohen-Macaulay.
Definition 3.2. Let (X, x) be an isolated singularity of dimension n. (X, x) is said to be normal
or Cohen-Macaulay if the local ring OX,x has such a property.
Let (X, x) be an isolated singularity of dimension n. Then we have the following propositions.
Proposition 3.1. (Corollary 3.10, [Ha]) (X, x) is called Cohen-Macaulay iff H1
{x}
(OX) = · · · =
Hn−1
{x}
(OX) = 0. (X, x) is normal iff H1{x}(OX) = 0.
Proposition 3.2. Let (X, x) be an isolated singularity of dimension n and π : (X˜, E) → (X, x) be
a resolution of (X, x). Then Hi(X˜,O)  Hi∞(X˜,O)  Hi+1{x} (X,O), 1 ≤ i ≤ n − 2.
Proof. Following Laufer [La1], we consider the sheaf cohomology with support at infinity. The
following sequence is exact:
0 → Γ(X˜,O) → Γ∞(X˜,O) → H1c (X˜,O) → H1(X˜,O) → H1∞(X˜,O) → H2c (X˜,O) → · · ·
By Serre duality,
Hic(X˜,O)  Hn−i(X˜,O(K)).
by Grauert-Riemenschneider Vanishing Theorem, we have
Hn−i(X˜,O(K)) = 0, for i ≤ n − 1.
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It follows that
Hi(X˜,O)  Hi∞(X˜,O), 1 ≤ i ≤ n − 2. (3.1)
On the other hand, we also have the following exact sequence:
0 → Γ(X,O) → Γ(X − {x},O) → H1{x}(X,O) → H1(X,O) → H1(X − {x},O)
→ H2{x}(X˜,O) → · · ·
Since Hi(X,O) = 0, i ≥ 1. Thus we have
Hi(X − {x},O)  Hi+1{x} (X,O), i ≥ 1. (3.2)
Take a 1-convex exhaustion function φ on X˜ such that φ ≥ 0 on X˜ and φ(y) = 0 if and only if
y ∈ Ei where Ei is the irreducible component of E. Put X˜r = {y ∈ X˜ : φ(y) ≤ r}. Then by Laufer
[La1],
lim
−→
r
Hq(X˜ − X˜r,O)  Hq∞(X˜,O).
On the other hand, by Andreoti and Grauert (The´ore`me 15 of [An-Gr]), Hq(X˜−E,O) is isomor-
phic to Hq(X˜ − X˜r,O) for q ≤ n − 2 and Hn−1(X˜ − E,O) → Hn−1(X˜ − X˜r,O) is injective. Thus
we have
Hi∞(X˜,O)  Hi(X˜ − E,O)  Hi(X − {x},O), 1 ≤ i ≤ n − 2. (3.3)
Combining with (3.1),(3.2) and (3.3) we have
Hi(X˜,O)  Hi∞(X˜,O)  Hi+1{x} (X,O), 1 ≤ i ≤ n − 2.
This completes the proof. Q.E.D.
Corollary 3.1. (1) (X, x) is Cohen-Macaulay ⇒ Hi( ˜X,O) = 0, 1 ≤ i ≤ n − 2.
(2) (X, x) is normal and Hi( ˜X,O) = 0, 1 ≤ i ≤ n − 2 ⇒ (X, x) is Cohen-Macaulay.
Definition 3.3. A normal variety X is called Gorenstein if it is Cohen-Macaulay and the sheaf
ωX := O(KX) is locally free.
Definition 3.4. A Gorenstein point x ∈ X of an n-dimensional variety X is rational (respectively
minimally elliptic) if for a resolution f : Y → X we have f∗ωY = ωX(respectively f∗ωY = mxωX,
where mx is the ideal of x). (This is equivalent via duality to the cohomological assertion
Rn−1 f∗OY = 0 (respectively, is a 1-dimensional C-vector space at x).
It is convenient to make intrinsic (and generalize slightly) the notion of a general hyperplane
section through x:
Definition 3.5. Let (OX, x,mx) be the local ring of a point x ∈ X of a C- scheme, and let V ⊂ mx
be a finite-dimensional C-vector space which maps onto mx/m2x (equivalently, by Nakayamas
lemma, V generates the OX,x-ideal mx ); by a general hyperplane section through x is mean the
sub-scheme H ⊂ X0 defined in a suitable neighborhood X0 of x by the ideal OX,v, where v ∈ V
is a sufficiently general element (that is, v is a C-point of a certain dense Zariski open U ⊂ V).
Theorem 3.1. ([Mi], Theorem 2.6) If x ∈ X is a rational Gorenstein point (dim X = n ≥ 3. Then
for a general hyperplane section S through x, x ∈ S is minimally elliptic or rational Gorenstein.
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Proof. Suppose that S runs through any linear system of sections x ∈ S ⊂ X whose equations
generate the maximal ideal mx of OX,x. Then a general element S of this linear system is normal.
Let f : Y → X be any resolution of X which dominates the blow-up of the maximal ideal
mx; by definition of the blow-up, the scheme-theoretic fiber over x is an effective divisor E such
that mxOY = OY(−E). Hence f ∗S = T + E, where T runs through a free linear system on Y . By
Bertini’s theorem, φ = f |T : T → S is a resolution of S . Now we use the adjunction formula to
compare KT and ϕ∗KS .
In the diagram (Figure 1), we have
Y
f

⊃ T + E
ϕ

X ⊃ S
Figure 2.
KY = f ∗KX + ∆, with∆ ≥ 0
and
T = f ∗S − E,
so that
KY + T = f ∗(KX + S ) + ∆ − E
and
KT = (KY + T ) |T= ϕ∗KS + (∆ − E) |T .
This just means that any s ∈ ωs has at worst (∆ − E) |T as pole on T . On the other hand, since
the maximal ideal mS ,x ⊂ OS ,x is the restriction to S of the maximal ideal mX,x ⊂ OX, it follows
that every element of mS ,x vanishes along E ∩ T . Hence every element of mS ,xωS is regular on
T , that is
mxωS ⊂ ϕ∗wT ⊂ ωS .
Thus mxωS = ϕ∗wT implies x ∈ S is minimally elliptic and ωS = ϕ∗wT implies x ∈ S is
rational. Q.E.D.
Theorem 3.2. [La2] Let x be a minimally elliptic singularity. Let π : M → V be a resolution
of a Stein neighborhood V of x with x as its only singular point. Let m be the maximal ideal in
OV,x. Let Z be the fundamental cycle on E = π−1(x).
(1) If Z2 ≤ −2, then O(−Z) = mO on E.
(2) If Z2 = −1, and π is the minimal resolution or the minimal resolution with non-singular
Ei and normal crossings, O(−Z)/mO is the structure sheaf for an embedded point.
(3) If Z2 = −1 or −2, then x is a double point.
(4) If Z2 = −3, then for all integers n ≥ 1, mn ≈ H0(E,O(−nZ)) and dim mn/mn+1 = −nZ2.
(5) If −3 ≤ Z2 ≤ −1, then x is a hypersurface singularity.
(6) If Z2 = −4, then x is a complete intersection and in fact a tangential complete intersec-
tion.
(7) If Z2 ≤ −5, then x is not a complete intersection.
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3.1. Deformation of singularities. Let (X0, x0) be an isolated singularity with dimension n,
a deformation of (X0, x0) will be simply a realization of (X0, x0) as the fiber of a map-germ
between complex manifolds whose dimensions differ by n. To be precise, it consists of holo-
morphic map-germ f : (X, x) → (S , o) between complex manifold germs with dim(X, x)-
dim(S , o) = n and an isomorphism ι : of (X0, x0) onto the fiber (Xo, x) of f . A morphism
from a deformation (ι′, f ′) to another (ι, f ) is a pair of map-germs (g˜, g) such that the diagram
(X′, x′)
f ′

g˜
−→ (X, x)
f

(S ′, o′) g−→ (S , o)
is Cartesian and g˜ ◦ ι′ = ι. We say that a deformation (ι, f ) of (X0, x0) is versal if for any de-
formation (ι′, f ′) of (X0, x0) there exists a morphism (g˜, g) from (ι′, f ′) to (ι, f ). Notice that we
do not require this morphism to be unique in any sense. If, however, the derivative of g in o′,
∂g(o′) : To′(S ′) → To(S ) is unique, then we say that (ι, f ) is miniversal.
Proposition 3.3. ([AGLV] (2.10)) Let f : (Cn+k, 0) → (Ck, 0) define an icis at the origin and
has dimension n. A miniversal deformation of f = 0 can be taken in the form
F(z, λ) = f (z) + λ1e1(z) + . . . + λτeτ(z), (3.4)
where ei ∈ Okn+k are the representative of a basis of the linear space:
T 1f = O
k
n+k/{IO
k
f n+k + On+k〈∂ f /∂z1, . . . , ∂ f /∂zn+k〉}. (3.5)
Here τ is the Tyurina number and is equal to the Milnor number µ if f is weighted homoge-
neous.
4. Homogeneous isolated complete intersection singularity
In this section we shall prove the following conjecture for homogeneous isolated complete
intersection singularity (ICIS) in Theorem 4.1 and three dimensional isolated complete intersec-
tion singularity in Theorem 4.4. We shall also give a classification of three-dimensional rational
homogeneous isolated complete intersection singularities in Theorems 4.2 and 4.3.
Conjecture. Let p be the dimension of rational isolated complete intersection singularity with
C
∗
-action. The the embedding dimension of the singularity is at most 2p − 1.
Definition 4.1. Let (V, 0) ⊂ (CN , 0) be the analytic germ of an n-dimensional complex homo-
geneous isolated complete intersection singularity. Let π : (M, E) → (V, 0) be a resolution
of singularity of dimension n with exceptional set E = π−1(0). The geometric genus pg of the
singularity (V, 0) is the dimension of Hn−1(M,O) and is independent of the resolution M.
We have the following proposition.
Proposition 4.1. [KN] Let (V, 0) = { f1 = · · · = fr = 0} be a homogeneous isolated complete
intersetion singularity of multidegree (d1, · · · , dr) and dimension n, that is deg fi = di, then
pg =
∑
k∈Kn,r
r∏
i=1
(
di
ki + 1
)
,
where Kn,r := {k = (k1, · · · , kr) : ki ≥ 0 for all i, and ∑i ki = n}.
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We prove that the above conjectue is true in homogeneous case.
Theorem 4.1. Let (V, 0) = { f1 = · · · = fr = 0} ⊂ (CN , 0) be a homogeneous rational isolated
complete intersetion singularity of multidegree (d1, · · · , dr) and dimension n, then r ≤ n−1 (i.e.
N ≤ 2(N − r) − 1).
Proof. Since (V, 0) is a homogeneous isolated rational complete intersetion singularity, so by
Proposition 4.1, we have
pg =
∑
k∈Kn,r
r∏
i=1
(
di
ki + 1
)
= 0.
Thus for any k ∈ Kn,r, we have
∏r
i=1
(
di
ki+1
)
= 0. If we assume the contrary, r ≥ n, without loss of
generality, we consider thel k = (k1, · · · , kr) with k1 = k2 = · · · = kn = 1, kn+1 = · · · = kr = 0.
Then for this choice k = (1, · · · , 1, 0, · · · , 0), we have ∏ri=1 ( diki+1) ≥ 1 since di ≥ 2. This
contradicts with ∏ri=1 ( diki+1) = 0. Therefore we have r ≤ n − 1. Q.E.D.
We have the following two classification theorems for homogeneous case.
Theorem 4.2. Let (V, 0) = { f1 = · · · = fr = 0} ⊂ (CN , 0) be a three dimensional homogeneous
rational isolated complete intersection singularity of multidegree (d1, · · · , dr) which is not a
hypersurface singularity, then r = 2, N = 5 and d1 = d2 = 2.
Proof. If follows from Theorem 4.1 that r ≤ 2. Since (V, 0) is not a hypersurface singularity, so
r = 2. Let k = (k1, k2) ∈ K3,2, we have (k1, k2) = (0, 3), (3, 0), (1, 2) or (2, 1). For (k1, k2) = (1, 2),
by Proposition 4.1
pg =
∑
k∈K3,2
2∏
i=1
(
di
ki + 1
)
= 0,
we have (
d1
2
)(
d2
3
)
= 0
which implies d2 = 2 since d1 and d2 are at least 2. Similarly, (k1, k2) = (2, 1) implies d1 = 2.
Thus d1 = d2 = 2. Q.E.D.
Theorem 4.3. Let (V, 0) = { f = 0} ⊂ (C4, 0) be a three dimensional homogeneous rational
isolated hypersurface singularity of degree d, then d = 2, 3.
Proof. By Proposition 4.1, we have
pg =
(
d
4
)
= 0,
so we d = 2 or 3. Q.E.D.
We can also prove the conjecture for p = 3.
Lemma 4.1. Let (V, 0) be a n-dimensional isolated singularity in CN . If 2n − N > 0, then (V, 0)
cannot have two components of dimension n.
Proof. If V is union of two components V1 and V2, each of which is of dimension n, then V1 and
V2 will intersect with at least dimension 2n − N > 0. This is a contradiction since V is singular
along the intersection. Q.E.D.
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Theorem 4.4. Let (V, 0) be a three dimensional rational isolated complete intersection singu-
larity. Then the embedding dimension of (V, 0) is at most 5.
Proof. Take a generic section (H, 0) of (V, 0). Then by Theorem 3.1, (H, 0) is either a 2-
dimensional rational Gorenstein singularity or minimally elliptic singularity. It is well-known
that 2-dimensional rational Gorenstein singularity must be rational double points. So the em-
bedding dimension of (H, 0) is 3. On the other hand, by Theorem 3.2 asserts that minimally
elliptic complete intersection isolated singularity has embedding dimension at most 4. So the
embedding dimension of (V, 0) is at most 5. Q.E.D.
An immediate corollary is as follows.
Corollary 4.1. The three dimensional weighted homogeneous rational isolated complete inter-
section singularity which is not hypersurface singularity is defined by two weighted homoge-
neous polynomials in 5 variables.
Lemma 4.2. Both f1 and f2 in Corollary 4.1 are irreducible.
Proof. Assume that f1 = f11 f12 · · · f1k1 and f2 = f21 f22 · · · f2k2 ,where f1i, 1 ≤ i ≤ k1 and f2 j, 1 ≤
j ≤ k2 are irreducible. V( f1i, f2 j) are k1k2 irreducible components of dimension 3. Since n =
3, N = 5, so 2n−N = 1 > 0. By Lemma 4.1, we have k1k2 = 1, which implies k1 = k2 = 1, thus
both f1 and f2 are irreducible. Q.E.D.
5. Classification of three dimensional weighted homogeneous rational isolated complete
intersection singularity
In this section, we shall give an complete classification of three-dimensional rational weighted
homogeneous complete intersection singularities. We first recall some definitions and then we
prove some properties which are used in the proof of classification theorem.
Definition 5.1. Let w = (w1, · · · ,wn; d) be an (n+1)-tuple of positive rational numbers. A poly-
nomial f (z1, · · · , zn) is said to be a weighted homogeneous polynomial with weights w if each
monomial αza11 z
a2
2 · · · z
an
n of f satisfies a1w1 + · · · + anwn = d. And we say a pair of polynomials
( f1, f2) are weighted homogeneous of type (w1, · · · ,wn; d1, d2) if f1 is weighted homogeneous of
type (w1, · · · ,wn; d1) and f2 is weighted homogeneous of type (w1, · · · ,wn; d2).
By Corollary 4.1, in order to classify three dimensional weighted homogeneous rational iso-
lated complete intersection singularity, we only need to study weighted homogeneous polyno-
mials in 5 variables.
Theorem 5.1. [Ma] Let X = V( f1, · · · , fk) be an weighted homogeneous ICIS of type
(w1, · · · ,wn; d1, · · · , dk).
Let
A(N) = {(a1, · · · , an) ∈ Nn|ai > 0 and
k∑
i=1
aiwi ≤ N}
and
ℓ(N) = #A(N).
Then we have
pg(X) = ℓ(d1 + · · · + dk) −
k∑
i=1
ℓ(d1 + · · · + ˆdi + · · · + dk) + · · · + (−1)k−1
k∑
i=1
ℓ(di).
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The following observations plays key role in our proof.
Lemma 5.1. Let X = V( f1, f2) be a weighted homogeneous ICIS of type (w1, · · · ,w5; d1, d2).
Then X is rational if and only if
w1 + · · · + w5 > d1 + d2.
Proof. By Theorem 5.1,we have pg(X) = ℓ(d1 + d2) − ℓ(d1) − ℓ(d2). Thus X is rational if and
only if ℓ(d1 + d2) − ℓ(d1) − ℓ(d2) = 0. It is easy to see that w1 + · · · + w5 > d1 + d2 implies
ℓ(d1 + d2) = ℓ(d1) = ℓ(d2) = 0, it follows that X is rational. If X is rational, and without
lose of generality, we assume that ℓ(d1) > 0, then A(d1) is not empty. Let amax ∈ A(d1) such
that wamax ≥ wa for any a ∈ A(d1), where wa =
5∑
i=1
wiai for a = (a1, · · · , a5). Then let
B = {amax + b | b ∈ A(d2)} so we have d1 < wc ≤ d1 + d2 for any c ∈ B and #B = ℓ(d2). It
is easy to seen that there exist i ∈ {1, 2, 3, 4, 5} such that wi ≤ d2, because if not then f2 = 0.
Without lose of generality, we may assume that w1 ≤ d2. Let d = amax + (1, 0, 0, 0, 0), then
d1 < wd ≤ d1 + d2. Notice that d ∈ A(d1 + d2) \ (A(d1) ∪ B) and A(d1) ∩ B = ∅, thus we have
ℓ(d1 + d2) ≥ ℓ(d1) + ℓ(d2) + 1. It follows that pg(X) ≥ 1. It contradicts with X is rational, so
we conclude that ℓ(d1) = 0. Similarly we can prove that ℓ(d2) = 0. So pg(X) = ℓ(d1 + d2) = 0
which implies w1 + · · · + w5 > d1 + d2. Q.E.D.
Lemma 5.2. Let X = V( f1, f2) be a three dimensional weighted homogeneous ICIS of type
(w1, · · · ,w5; d1, d2). Then we have
(1) for any i ∈ {1, 2, 3, 4, 5}, one of the following cases occurs:
(1a) zni appears in f1 for some n,
(1b) zni appears in f2 for some n,
(1c) there exist j, k ∈ {1, 2, 3, 4, 5} \ {i} j , k such that zni z j appears in f1 for some n and zmi zk
appears in f2 for some m.
(2) for any l = 1, 2 and any {i, j} ⊂ {1, 2, 3, 4, 5}, one of the following cases occurs:
(2a) zai zbj appears in fl, for some non-negative integers a, b,
(2b) there exists k ∈ {1, 2, 3, 4, 5} \ {i, j} such that zkzai zbj appears in fl, for some non-negative
integers a, b.
(3) for any {i, j} ⊂ {1, 2, 3, 4, 5}, one of the following cases occurs:
(3a) zai zbj appears in f1 for some non-negative integer a, b,
(3b) zai zbj appears in f2 for some non-negative integer a, b,
(3c) there exist {p1, p2}, {s1, s2} ⊂ {1, 2, 3, 4, 5}\{i, j}and {p1, p2} , {s1, s2} such that zp1za1i zb1j , zp2za2i zb2j
appear in f1 for some non-negative integers a1, a2, b1, b2 and
zs1z
c1
i z
d1
j , zs2z
c2
i z
d2
j appear in f2 for some non-negative integers c1, c2, d1, d2.
(4) for any l = 1, 2 and any {i, j, k} ⊂ {1, 2, 3, 4, 5}, let {p, s} = {1, 2, 3, 4, 5} \ {i, j, k}, then
one of the following cases occurs:
(4a) zai zbjzck appears in fl, for some non-negative integers a, b, c,
(4b) zpza1i zb1j zc1k and zsza2i zb2j zc2k appear in fl, for some non-negative integers a1, b1, c1, a2, b2, c2.
(5) for any {i, j, k} ⊂ {1, 2, 3, 4, 5}, there exists l ∈ {1, 2} such that zai zbjzck appears in fl for
some non-negative integers a, b, c.
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Proof. (1) Without lose of generality, we may assume that i = 1. Assume on the contrary that
neither of (1a), (1b) and (1c) occurs. Then zn1 does not appear in fl for any l = 1, 2 and integer n,
so we have f1 = f2 = ∂ f1∂z1 =
∂ f2
∂z1
= 0 when z2 = z3 = z4 = z5 = 0. And for any { j, k} ⊂ {2, 3, 4, 5},
we have za1z j doesn’t appear in f1 for any non-negative integer a or zb1zk doesn’t appear in f2 for
any non-negative integer b. It follows that ∂ f1
∂z j
= 0 or ∂ f2
∂zk
= 0 when z2 = z3 = z4 = z5 = 0.
Similarly we have ∂ f1
∂zk
= 0 or ∂ f2
∂z j
= 0 when z2 = z3 = z4 = z5 = 0. Thus we have
∂ f1
∂z j
∂ f2
∂zk
−
∂ f1
∂zk
∂ f2
∂z j
= 0, ∀ { j, k} ⊂ {2, 3, 4, 5}, z2 = z3 = z4 = z5 = 0,
which implies (∂ f1
∂z1
, · · · ,
∂ f1
∂z5
) and (∂ f2
∂z1
, · · · ,
∂ f2
∂z5
) are linear dependent. Thus V(z2, z3, z4, z5), which
has dimension one, is contained in the singular locus of X. This contradicts with X has an iso-
lated singularity.
(2) We may assume that l = 1 and i, j = 1, 2. Assume on the contrary that neither of (2a)
and (2b) occurs, then za1zb2 does not appear in f1, for any non-negative integers a, b and zkza1zb2
does not appear in f1. And for any k ∈ {3, 4, 5} and for any non-negative integers a, b, we have
f1 = 0 and (∂ f1∂z1 , · · · ,
∂ f1
∂z5
) = 0 when z3 = z4 = z5 = 0. Thus V( f2, z3, z4, z5), which has dimension
at least one, is contained in the singular locus of X. This contradicts with X has an isolated
singularity.
(3) We may assume that i, j = 1, 2. Assume on the contrary that neither of (3a), (3b) and
(3c) occurs, then one of the following two cases occurs:
subcase (a) za1zb2 does not appear in fq for any q = 1, 2 and any non-negative integer a, b, and
there exist l ∈ {1, 2}, s, p ∈ {3, 4, 5}(s , p) such that both zsza11 zb12 and zpza21 zb22 do not appear in fl
for any non-negative integer a1, a2, b1, b2.
subcase (b) za1zb2 does not appear in fq for any q = 1, 2 and any non-negative integer a, b, and
there exists k ∈ {3, 4, 5} such that zkza1zb2 does not appear in fq for any q = 1, 2 and any non-
negative integer a, b.
If subcase (a) occurs, without lose of generality, we may assume that l = 1 and s, p = 3, 4,
then f1 = f2 = ∂ f1∂z1 = · · · =
∂ f1
∂z4
= 0 when z3 = z4 = z5 = 0. Thus V(z3, z4, z5, ∂ f1∂z5 ), which has
dimension at least one, is contained in the singular locus of X. This contradicts with X has an
isolated singularity.
If subcase (b) occurs, without lose of generality, we may assume k = 3. Then when z3 =
z4 = z5 = 0, we have f1 = f2 = 0, (∂ f1∂z1 , · · · ,
∂ f1
∂z5
) = (0, 0, 0, ∂ f1
∂z4
,
∂ f1
∂z5
) and (∂ f2
∂z1
, · · · ,
∂ f2
∂z5
) =
(0, 0, 0, ∂ f2
∂z4
,
∂ f2
∂z5
). Thus V(z3, z4, z5, ∂ f1∂z4
∂ f2
∂z5
−
∂ f2
∂z4
∂ f1
∂z5
), which has dimension at least one, is con-
tained in the singular locus of X. This contradicts with X has an isolated singularity.
(4) We may assume that i, j, k = 1, 2, 3 and l = 1. Assume on the contrary that neither of
(4a) and (4b) occurs, thus za1zb2zc3 does not appear in f1 for any non-negative integers a, b, c and
there exists p ∈ {4, 5} such that zpza1zb2zc3 does not appear in f1 for any non-negative integers
a, b, c. Without lose of generality, we may assume that p = 4. Then f1 = ∂ f1∂z1 = · · · =
∂ f1
∂z4
= 0
when z4 = z5 = 0. Thus V(z4, z5, f2, ∂ f1∂z5 ), which has dimension at least one, is contained in the
singular locus of X. This contradicts with X has an isolated singularity.
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(5) We may assume that i, j, k = 1, 2, 3. Assume on the contrary that za1zb2zc3 does not appear
in fl for any l = 1, 2 and any non-negative integers a, b, c. Then when z4 = z5 = 0 we have
f1 = f2 = 0 and (∂ f1∂z1 , · · · ,
∂ f1
∂z5
) = (0, 0, 0, ∂ f1
∂z4
,
∂ f1
∂z5
) and (∂ f2
∂z1
, · · · ,
∂ f2
∂z5
) = (0, 0, 0, ∂ f2
∂z4
,
∂ f2
∂z5
). Thus
V(z4, z5, ∂ f1∂z4
∂ f2
∂z5
−
∂ f2
∂z4
∂ f1
∂z5
), which has dimension at least two, is contained in the singular locus of
X. This contradicts with X has an isolated singularity. Q.E.D.
We define N(a) = {ka | k is non-negative integer}, N(a, b) = {ka + sb | k, s are non-
negative integers} and N(a, b, c) = {ka + sb + tc | k, s, t are non-negative integers}.
Corollary 5.1. Let X = V( f1, f2) be a weighted homogeneous ICIS of type
(w1, · · · ,w5; d1, d2), then we have:
(1) for any i ∈ {1, 2, 3, 4, 5}, we have d1 ∈ N(wi) or d2 ∈ N(wi) or there exist j, k ∈ {1, 2, 3, 4, 5} \
{i}, j , k such that d1 − w j ∈ N(wi) and d2 − wk ∈ N(wi).
(2) for any {i, j} ⊂ {1, 2, 3, 4, 5} and any l ∈ {1, 2}, we have dl ∈ N(wi,w j) or there exists
k ∈ {1, 2, 3, 4, 5} \ {i, j} such that dl − wk ∈ N(wi,w j).
(3) for any {i, j} ⊂ {1, 2, 3, 4, 5}, if d1, d2 < N(wi,w j), then there exist {p1, p2}, {s1, s2} ⊂
{1, 2, 3, 4, 5} \ {i, j} and {p1, p2} , {s1, s2} such that d1 − wp1 , d1 − wp2 ∈ N(wi,w j) and d2 − ws1 ,
d2 − ws2 ∈ N(wi,w j).
(4) for any {i, j, k} ⊂ {1, 2, 3, 4, 5} and any l ∈ {1, 2}, let {p, s} = {1, 2, 3, 4, 5} \ {i, j, k}, if
dl < N(wi,w j,wk), then we have dl − wp, dl − ws ∈ N(wi,w j,wk).
(5) for any {i, j, k} ⊂ {1, 2, 3, 4, 5}, we have d1 ∈ N(wi,w j,wk) or d2 ∈ N(wi,w j,wk).
Theorem 5.2. Let X = V( f1, f2) be a weighted homogeneous ICIS of type (w1, · · · ,w5; 1, d),
with d ≥ 1. Then ( f1, f2) has the same type as one of the following weight homogeneous
singularities in the list up to permutation of coordinates.
Remark 5.1. We also list the Milnor number µ and the vector basis of the miniversal defor-
mation of the singularities in the list. In order to save space, we only list the set of maximum
elements (i.e. mini) of the vector basis of the corresponding singularity. That is, {[a, 0] | a ∈
m, ∃ [b, 0] ∈ mini s.t. b ≥ a} ∪ {[0, a] | a ∈ m, ∃ [0, b] ∈ mini s.t. b ≥ a} form a basis of
miniversal deformation where m = ideal (z1, · · · , z5). A monomial za11 za22 za33 za44 za55 ≤ zb11 zb22 zb33 zb44 zb55
if and only if ai ≤ bi for i = 1, · · · , 5. For example, if mini = {[z31, 0], [z1z22, 0], [0, z3z4]}, then
{[0, 1], [1, 0], [z1, 0], [z21, 0], [z31, 0], [z2, 0], [z22, 0], [z1z2, 0], [z1z22, 0], [0, z3], [0, z4], [0, z3z4]}
form a vector basis of miniversal deformation.
(1)
{
z21 + z
2
2 + z
2
3 + z
2
4 + z
n
5 = 0
z21 + 2z22 + 3z23 + 4z24 + 5zn5 = 0
n ≥ 2
(w1,w2,w3,w4,w5; 1, d) = (12 , 12 , 12 , 12 , 1n ; 1, 1)
µ = −7 + 8n
mini = {[z−2+2n5 , 0], [z24z−2+n5 , 0], [z3z−2+n5 , 0], [z2z−2+n5 , 0], [z1z−2+n5 , 0], [0, z−2+n5 ]}
(2)
{
z21 + z
2
2 + z
2
3 + z
3
4 + z
3
5 = 0
z21 + 2z22 + 3z23 + 4z34 + 5z35 = 0
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(w1,w2,w3,w4,w5; 1, d) = (12 , 12 , 12 , 13 , 13 ; 1, 1)
µ = 32
mini = {[z4z45, 0], [z44z5, 0], [z3z4z5, 0], [z2z4z5, 0], [z1z4z5, 0], [0, z4z5]}
(3)
{
z21 + z
2
2 + z
2
3 + z
3
4 + z
4
5 = 0
z21 + 2z22 + 3z23 + 4z34 + 5z45 = 0
(w1,w2,w3,w4,w5; 1, d) = (12 , 12 , 12 , 13 , 14 ; 1, 1)
µ = 47
mini = {[z4z65, 0], [z44z25, 0], [z3z4z25, 0], [z2z4z25, 0], [z1z4z25, 0], [0, z4z25]}
(4)
{
z21 + z
2
2 + z
2
3 + z
3
4 + z
5
5 = 0
z21 + 2z22 + 3z23 + 4z34 + 5z55 = 0
(w1,w2,w3,w4,w5; 1, d) = (12 , 12 , 12 , 13 , 15 ; 1, 1)
µ = 62
mini = {[z4z85, 0], [z44z35, 0], [z3z4z35, 0], [z2z4z35, 0], [z1z4z35, 0], [0, z4z35]}
(5)
{
z1z3 + z
2
2 + z
2
4 = 0
z21 + z
4
3 + z
3
5 + z
2
2z3 = 0
(w1,w2,w3,w4,w5; 1, d) = (23 , 12 , 13 , 12 , 49 ; 1, 43)
µ = 45
mini = {[z25, 0], [z23z5, 0], [0, z23z24z5], [0, z33z4z5], [0, z2z4z5], [0, z63z5], [0, z2z33z5]}
(6)
{
z1z3 + z
2
2 + z
3
5 = 0
z21 + z
3
4 + z
2
3z5 + z2z
2
5 = 0
(w1,w2,w3,w4,w5; 1, d) = ( 712 , 12 , 512 , 718 , 13 ; 1, 76 )
µ = 50
mini = {[z4z55, 0], [z3z4z25, 0], [z24z5, 0], [z23z4z5, 0], [0, z4z55], [0, z3z4z35], [0, z2z4z5], [0, z2z3z4]}
(7)
{
z1z3 + z4z5 = 0
z21 + z
2
2 + z
n
3 + z
2
4 + 2zn5 = 0
n ≥ 3
(w1,w2,w3,w4,w5; 1, d) = ( n2+n , n2+n , 22+n , n2+n , 22+n ; 1, 2n2+n )
µ = (1 + n)2
mini = {[zn5, 0], [z3z−2+n5 , 0], [z2, 0], [0, z−2+2n5 ], [0, z3z−4+2n5 ], [0, z−2+n3 z−2+n5 ], [0, z−1+n3 ]}
(8)
{
z1z3 + z4z5 = 0
z21 + z
2
2 + z3z
2
4 + z
3n
3 + 2z2n5 = 0
n ≥ 2
(w1,w2,w3,w4,w5; 1, d) = ( 3n2+3n , 3n2+3n , 22+3n , −1+3n2+3n , 32+3n ; 1, 6n2+3n )
µ = 3 + 7n + 6n2
mini = {[z3, 0], [z2, 0], [0, z3z−1+2n5 ], [0, z−2+3n3 z−2+2n5 ], [0, z−2+3n3 z4z5], [0, z−5+6n3 z5], [0, z24],
[0, z−1+3n3 z4], [0, z−2+6n3 ]}
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(9)
{
z1z3 + z4z5 = 0
z21 + z
2
2 + z3z
2
4 + z
1+3n
3 + 2z3z
2n
5 = 0
n ≥ 1
(w1,w2,w3,w4,w5; 1, d) = ( 1+3n3(1+n) , 1+3n3(1+n) , 23(1+n) , n1+n , 11+n ; 1, 2(1+3n)3(1+n) )
µ = 6 + 11n + 6n2
mini = {[z3, 0], [z2, 0], [0, z2n5 ], [0, z33z−1+2n5 ], [0, z3n3 z−2+2n5 ], [0, z−1+3n3 z4z5], [0, z−3+6n3 z5], [0, z24],
[0, z3n3 z4], [0, z6n3 ]}
(10)
{
z1z3 + z4z5 = 0
z21 + z
2
2 + z3z
3
4 + z
16
3 + z
4
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (89 , 89 , 19 , 59 , 49 ; 1, 169 )
µ = 127
mini = {[z3, 0], [z2, 0], [0, z63z35], [0, z143 z25], [0, z143 z4z5], [0, z223 z5], [0, z34], [0, z153 z24], [0, z303 ]}
(11)
{
z1z3 + z4z5 = 0
z21 + z
2
2 + z3z
3
4 + z
40
3 + z
5
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (2021 , 2021 , 121 , 1321 , 821 ; 1, 4021)
µ = 358
mini = {[z3, 0], [z2, 0], [0, z383 z45], [0, z383 z4z5], [0, z34], [0, z393 z24], [0, z783 ]}
(12)
{
z1z3 + z4z5 = 0
z21 + z
2
2 + z3z
3
4 + z
10
3 + z3z
3
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (56 , 56 , 16 , 12 , 12 ; 1, 53)
µ = 73
mini = {[z3, 0], [z2, 0], [0, z35], [0, z63z25], [0, z83z4z5], [0, z123 z5], [0, z34], [0, z63z24], [0, z123 z4], [0, z183 ]}
(13)
{
z1z3 + z4z5 = 0
z21 + z
2
2 + z3z
3
4 + z
19
3 + z3z
4
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (1921 , 1921 , 221 , 47 , 37 ; 1, 3821 )
µ = 155
mini = {[z3, 0], [z2, 0], [0, z45], [0, z93z35], [0, z183 z25], [0, z173 z4z5], [0, z273 z5], [0, z34], [0, z183 z24], [0, z363 ]}
(14)
{
z1z3 + z4z5 = 0
z21 + z
2
2 + z3z
3
4 + z
46
3 + z3z
5
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (2324 , 2324 , 124 , 58 , 38 ; 1, 2312 )
µ = 417
mini = {[z3, 0], [z2, 0], [0, z55], [0, z453 z45], [0, z443 z4z5], [0, z34], [0, z453 z24], [0, z903 ]}
(15)
{
z1z3 + z4z5 = 0
z21 + z
2
2 + z
3
4 + z
6
3 + z
3
5 = 0
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(w1,w2,w3,w4,w5; 1, d) = (34 , 34 , 14 , 12 , 12 ; 1, 32)
µ = 39
mini = {[z3, 0], [z2, 0], [0, z23z25], [0, z43z4z5], [0, z63z5], [0, z23z24], [0, z63z4], [0, z103 ]}
(16)
{
z1z3 + z4z5 = 0
z21 + z
2
2 + z
3
4 + z
12
3 + z
4
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (67 , 67 , 17 , 47 , 37 ; 1, 127 )
µ = 92
mini = {[z3, 0], [z2, 0], [0, z43z35], [0, z103 z25], [0, z103 z4z5], [0, z163 z5], [0, z103 z24], [0, z223 ]}
(17)
{
z1z3 + z4z5 = 0
z21 + z
2
2 + z
3
4 + z
30
3 + z
5
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (1516 , 1516 , 116 , 58 , 38 ; 1, 158 )
µ = 265
mini = {[z3, 0], [z2, 0], [0, z283 z45], [0, z283 z4z5], [0, z283 z24], [0, z583 ]}
(18)
{
z1z3 + z4z5 = 0
z21 + z
2
2 + z
3
4 + z
8
3 + z3z
3
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (45 , 45 , 15 , 815 , 715 ; 1, 85)
µ = 56
mini = {[z3, 0], [z2, 0], [0, z35], [0, z43z25], [0, z63z4z5], [0, z93z5], [0, z43z24], [0, z93z4], [0, z143 ]}
(19)
{
z1z3 + z4z5 = 0
z21 + z
2
2 + z
3
4 + z
15
3 + z3z
4
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (1517 , 1517 , 217 , 1017 , 717 ; 1, 3017)
µ = 120
mini = {[z3, 0], [z2, 0], [0, z45], [0, z73z35], [0, z143 z25], [0, z133 z4z5], [0, z213 z5], [0, z133 z24], [0, z283 ]}
(20)
{
z1z3 + z4z5 = 0
z21 + z
2
2 + z
3
4 + z
36
3 + z3z
5
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (1819 , 1819 , 119 , 1219 , 719 ; 1, 3619)
µ = 324
mini = {[z3, 0], [z2, 0], [0, z55], [0, z353 z45], [0, z343 z4z5], [0, z343 z24], [0, z703 ]}
(21)
{
z1z3 + z4z5 = 0
z21 + z
2
2 + z3z
2
4 + z
3n
3 z5 + 2z
1+2n
5 = 0
n ≥ 1
(w1,w2,w3,w4,w5; 1, d) = (3(1+2n)7+6n , 3(1+2n)7+6n , 47+6n , 1+6n7+6n , 67+6n ; 1, 6(1+2n)7+6n )
µ = 8 + 13n + 6n2
mini = {[z3, 0], [z2, 0], [0, z3z2n5 ], [0, z−2+3n3 z−1+2n5 ], [0, z−5+6n3 z25], [0, z−1+3n3 z4z5], [0, z−2+6n3 z5],
[0, z24], [0, z1+3n3 z4], [0, z1+6n3 ]}
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(22)
{
z1z3 + z4z5 = 0
z21 + z
2
2 + z3z
2
4 + z
1+3n
3 z5 + 2z3z
1+2n
5 = 0
n ≥ 1
(w1,w2,w3,w4,w5; 1, d) = ( 5+6n3(3+2n) , 5+6n3(3+2n) , 43(3+2n) , 1+2n3+2n , 23+2n ; 1, 2(5+6n)3(3+2n) )
µ = 13 + 17n + 6n2
mini = {[z3, 0], [z2, 0], [0, z1+2n5 ], [0, z33z2n5 ], [0, z3n3 z−1+2n5 ], [0, z−3+6n3 z25], [0, z3n3 z4z5], [0, z6n3 z5],
[0, z24], [0, z2+3n3 z4], [0, z3+6n3 ]}
(23)
{
z1z3 + z
2
4 + z2z
n
5 = 0
z21 + z
2
2 + z
3
3 + z
3n
5 = 0
1 ≤ n ≤ 3
(w1,w2,w3,w4,w5; 1, d) = (35 , 35 , 25 , 12 , 25n ; 1, 65)
µ = −10 + 32n
mini = {[z−2+6n5 , 0], [z3z−2+4n5 , 0], [z2z−2+n5 , 0], [0, z−2+6n5 ], [0, z3z−2+4n5 ], [0, z3z4z−2+3n5 ],
[0, z24z−2+2n5 ], [0, z23z−2+2n5 ], [0, z3z24z−2+n5 ]}
(24)
{
z1z3 + z
2
4 + z2z5 = 0
z21 + z
2
2 + z
4
3 + z
4
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (23 , 23 , 13 , 12 , 13 ; 1, 43)
µ = 41
mini = {[z65, 0], [z3z45, 0], [0, z65], [0, z3z45], [0, z24z25], [0, z23z4z25], [0, z3z24], [0, z33]}
(25)
{
z1z3 + z
2
4 + z2z5 = 0
z21 + z
2
2 + z
5
3 + z
5
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (57 , 57 , 27 , 12 , 27 ; 1, 107 )
µ = 66
mini = {[z85, 0], [z3z65, 0], [0, z85], [0, z3z65], [0, z3z24z35], [0, z33z4z35], [0, z23z24], [0, z43]}
(26)
{
z1z3 + z
2
4 + z2z
n
5 = 0
2z21 + z22 + z23z5 + z1+2n5 = 0
n ≥ 2
(w1,w2,w3,w4,w5; 1, d) = (1+2n1+4n , 1+2n1+4n , 2n1+4n , 12 , 21+4n ; 1, 2(1+2n)1+4n )
µ = 6 + 16n
mini = {[z4n5 , 0], [z3z2n5 , 0], [z2z−1+n5 , 0], [0, z4n5 ], [0, z4z2n5 ], [0, z3z2n5 ], [0, z24z−1+n5 ], [0, z3z4]}
(27)
{
z1z3 + z
2
4 + z2z
2
5 = 0
z21 + z
2
2 + z
3
3z5 + z
7
5 = 0
(w1,w2,w3,w4,w5; 1, d) = ( 711 , 711 , 411 , 12 , 211 ; 1, 1411)
µ = 73
mini = {[z125 , 0], [z3z85, 0], [z2, 0], [0, z125 ], [0, z3z85], [0, z3z4z65], [0, z24z45], [0, z23z45], [0, z3z24z5],
[0, z23z4], [0, z33]}
CLASSIFICATION OF SINGULARITIES 17
(28)
{
z1z3 + z
2
4 + z
n
5 = 0
z21 + z
2
2 + z
4
3 + z3z
2
4 = 0
4 ≤ n ≤ 5
(w1,w2,w3,w4,w5; 1, d) = (23 , 23 , 13 , 12 , 1n ; 1, 43)
µ = −13 + 18n
mini = {[z3z−2+n5 , 0], [z2z−2+n5 , 0], [0, z−2+3n5 ], [0, z4z−2+2n5 ], [0, z23z−2+2n5 ], [0, z24z−2+n5 ],
[0, z23z4z−2+n5 ], [0, z53z−2+n5 ]}
(29)
{
z1z3 + z
2
4 + z
3
5 = 0
z21 + z
2
2 + z
6
3 + z
3
4 = 0
(w1,w2,w3,w4,w5; 1, d) = (34 , 34 , 14 , 12 , 13 ; 1, 32)
µ = 68
mini = {[z3z5, 0], [z2z5, 0], [0, z23z4z45], [0, z43z45], [0, z43z4z25], [0, z3z24z5], [0, z103 z5]}
(30)
{
z1z3 + z
2
4 + z
3
5 = 0
z21 + z
2
2 + z
7
3 + z3z
4
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (79 , 79 , 29 , 12 , 13 ; 1, 149 )
µ = 82
mini = {[z3z5, 0], [z2z5, 0], [0, z55], [0, z4z35], [0, z63z35], [0, z63z4z25], [0, z53z24z5], [0, z123 z5]}
(31)
{
z1z3 + z
2
4 + z
4
5 = 0
z21 + z
2
2 + z
2
3z4 + z
5
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (58 , 58 , 38 , 12 , 14 ; 1, 54)
µ = 47
mini = {[z3z25, 0], [z2z25, 0], [0, z95], [0, z3z65], [0, z4z55], [0, z24z25], [0, z3z4z25], [0, z43z25]}
(32)
{
z1z3 + z
2
4 + z
1+2n
5 = 0
z21 + z
2
2 + z
2
3z5 + z4z
1+n
5 = 0
n ≥ 1
(w1,w2,w3,w4,w5; 1, d) = ( 3+4n4(1+2n) , 3+4n4(1+2n) , 1+4n4(1+2n) , 12 , 11+2n ; 1, 3+4n2(1+2n) )
µ = 2(5 + 8n)
mini = {[z1+4n5 , 0], [z3z2n5 , 0], [z2z−1+2n5 , 0], [0, z1+4n5 ], [0, z3z1+2n5 ], [0, z24zn5], [0, z3z4]}
(33)
{
z1z3 + z
2
4 + z
3
5 = 0
z21 + z
2
2 + z
4
3z5 + z3z4z
2
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (1318 , 1318 , 518 , 12 , 13 ; 1, 139 )
µ = 57
mini = {[z3z5, 0], [z2z5, 0], [0, z55], [0, z4z45], [0, z33z45], [0, z63z35], [0, z24z5], [0, z23z4z5], [0, z23z24],
[0, z53z4], [0, z83]}
(34)
{
z1z3 + z
2
4z5 + z
4
5 = 0
z21 + z
2
2 + z
2
3z5 + z
3
4 = 0
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(w1,w2,w3,w4,w5; 1, d) = ( 916 , 916 , 716 , 38 , 14 ; 1, 98 )
µ = 53
mini = {[z85, 0], [z4z55, 0], [z3z45, 0], [z2z35, 0], [z3z4z5, 0], [z34, 0], [z2z4, 0], [0, z85], [0, z4z55], [0, z3z55],
[0, z3z4z25]}
(35)
{
z1z3 + z2z5 = 0
z21 + z
2
2 + z
3
4 + z
n
3 + z
n
5 = 0
3 ≤ n ≤ 5
(w1,w2,w3,w4,w5; 1, d) = ( n2+n , n2+n , 22+n , 2n3(2+n) , 22+n ; 1, 2n2+n )
µ = 1 + 4n + 2n2
mini = {[z4zn5, 0], [z3z4z−2+n5 , 0], [z24, 0], [0, z4z−2+2n5 ], [0, z3z4z−4+2n5 ], [0, z−2+n3 z4z−2+n5 ],
[0, z−1+n3 z4]}
(36)
{
z1z3 + z2z4 + z
n
5 = 0
z21 + z
2
2 + z
3
4 + z
3
3 = 0
3 ≤ n ≤ 4
(w1,w2,w3,w4,w5; 1, d) = (35 , 35 , 25 , 25 , 1n ; 1, 65)
µ = 2(−7 + 9n)
mini = {[z24z−2+n5 , 0], [z3z4z−2+n5 , 0], [0, z3z4z−2+2n5 ], [0, z44z−2+n5 ], [0, z3z24z−2+n5 ], [0, z23z−2+n5 ]}
(37)
{
z1z3 + z2z4 = 0
z21 + z
2
2 + z
3
4 + z
3
3 + z
n
5 = 0
4 ≤ n ≤ 5
(w1,w2,w3,w4,w5; 1, d) = (35 , 35 , 25 , 25 , 65n ; 1, 65)
µ = −14 + 15n
mini = {[z−2+2n5 , 0], [z24z−2+n5 , 0], [z3z4z−2+n5 , 0], [0, z44z−2+n5 ], [0, z3z24z−2+n5 ], [0, z23z−2+n5 ]}
(38)
{
z1z3 + z2z4 + z
2
5 = 0
2z21 + z22z3 + z34 + z
3
3z4 = 0
(w1,w2,w3,w4,w5; 1, d) = ( 913 , 713 , 413 , 613 , 12 ; 1, 1813)
µ = 47
mini = {[z3, 0], [0, z35], [0, z4z25], [0, z53z25], [0, z23z4z5], [0, z2z5], [0, z23z24], [0, z53z4], [0, z2z23z4], [0, z73],
[0, z2z53], [0, z22]}
(39)
{
z1z3 + z2z4 = 0
2z21 + z22z3 + z34 + z
3
3z4 + z
3
5 = 0
(w1,w2,w3,w4,w5; 1, d) = ( 913 , 713 , 413 , 613 , 613 ; 1, 1813)
µ = 53
mini = {[z25, 0], [z3z5, 0], [0, z3z24z5], [0, z43z4z5], [0, z2z23z4z5], [0, z73z5], [0, z2z43z5], [0, z22z5]}
(40)
{
z1z3 + z2z4 = 0
2z21 + z22z3 + z3z34 + z
4
3z4 + z
3
5 = 0
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(w1,w2,w3,w4,w5; 1, d) = (1115 , 35 , 415 , 25 , 2245 ; 1, 2215 )
µ = 71
mini = {[z25, 0], [z3z5, 0], [0, z34z5], [0, z33z24z5], [0, z63z4z5], [0, z2z33z4z5], [0, z93z5], [0, z2z53z5], [0, z22z5]}
(41)
{
z22 + z
2
3 + z
2
4 + z
2
5 = 0
z21 + z
3
2 + z
3
3 + z
3
4 = 0
(w1,w2,w3,w4,w5; 1, d) = (34 , 12 , 12 , 12 , 12 ; 1, 32)
µ = 31
mini = {[z1, 0], [0, z2z3z4z25], [0, z44], [0, z3z24], [0, z23]}
(42)
{
z22 + z
2
3 + z
2
4 + z
3
5 = 0
z21 + z
3
2 + z
3
3 + z
3
4 = 0
(w1,w2,w3,w4,w5; 1, d) = (34 , 12 , 12 , 12 , 13 ; 1, 32)
µ = 54
mini = {[z1z5, 0], [0, z2z3z4z45], [0, z44z5], [0, z3z24z5], [0, z23z5]}
(43)
{
z2z3 + z4z5 = 0
z21 + z
3
2 + z
n
3 + z
3
4 + z
n
5 = 0
4 ≤ n ≤ 5
(w1,w2,w3,w4,w5; 1, d) = ( 3n2(3+n) , n3+n , 33+n , n3+n , 33+n ; 1, 3n3+n )
µ = −2 + 5n + 2n2
mini = {[z1, 0], [0, z4z−2+2n5 ], [0, z3z−3+2n5 ], [0, z2z−3+2n5 ], [0, z3z4z−5+2n5 ], [0, z23z−5+2n5 ], [0, z24z−1+n5 ],
[0, z−3+n3 z4z−2+n5 ], [0, z2z4z−2+n5 ], [0, z−2+n3 z−2+n5 ], [0, z22z−2+n5 ], [0, z−2+n3 z4z5], [0, z−1+n3 z5]}
(44)
{
z2z3 + z4z5 = 0
z21 + z
3
2 + z
5
3 + z3z
3
4 + z3z
3
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (1516 , 58 , 38 , 12 , 12 ; 1, 158 )
µ = 69
mini = {[z1, 0], [0, z45], [0, z4z35], [0, z2z35], [0, z23z24z25], [0, z33z4z25], [0, z43z25], [0, z33z24z5], [0, z73z4z5],
[0, z2z4z5], [0, z2z34], [0, z43z24], [0, z83], [0, z22]}
(45)
{
z2z3 + z4z5 = 0
z21 + z
3
2 + z
4
3z5 + z3z
3
4 + z
4
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (2425 , 1625 , 925 , 1325 , 1225 ; 1, 4825)
µ = 76
mini = {[z1, 0], [0, z3z4z35], [0, z23z35], [0, z2z35], [0, z23z24z25], [0, z53z4z25], [0, z63z25], [0, z33z24z5],
[0, z2z4z5], [0, z2z34], [0, z53z24], [0, z93z4], [0, z22]}
(46)
{
z2z3 + z4z5 = 0
z21 + z
2
2z4 + z
6
3 + z3z
3
4 + z
4
5 = 0
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(w1,w2,w3,w4,w5; 1, d) = (1819 , 1319 , 619 , 1019 , 919 ; 1, 3619)
µ = 77
mini = {[z1, 0], [0, z3z4z35], [0, z23z35], [0, z2z35], [0, z43z4z25], [0, z53z25], [0, z22z25], [0, z43z24z5],
[0, z73z4z5], [0, z83z5], [0, z34], [0, z53z24], [0, z103 z4], [0, z2z4]}
(47)
{
z2z3 + z4z5 = 0
z21 + z
2
2z4 + z
4
3z4 + z3z
3
4 + z3z
3
5 + z
2
2z5 = 0
(w1,w2,w3,w4,w5; 1, d) = (1112 , 23 , 13 , 12 , 12 ; 1, 116 )
µ = 67
mini = {[z1, 0], [0, z3z45], [0, z4z35], [0, z33z35], [0, z33z4z25], [0, z63z25], [0, z2z25], [0, z23z24z5],
[0, z53z4z5], [0, z93z5], [0, z34], [0, z33z24], [0, z73z4], [0, z2z4], [0, z22]}
(48)
{
z2z3 + z4z5 = 0
z21 + z
2
2z5 + 2z33z4 + z34 + z3z35 = 0
(w1,w2,w3,w4,w5; 1, d) = (2732 , 58 , 38 , 916 , 716 ; 1, 2716 )
µ = 49
mini = {[z1, 0], [0, z55], [0, z23z45], [0, z4z35], [0, z33z35], [0, z2z35], [0, z3z4z25], [0, z43z25], [0, z24z5],
[0, z23z4z5], [0, z73z5], [0, z22z4]}
(49)
{
z2z3 + z4z5 = 0
z21 + z
2
2z5 + z
5
3z4 + z
3
4 + z
5
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (1516 , 34 , 14 , 58 , 38 ; 1, 158 )
µ = 89
mini = {[z1, 0], [0, z4z45], [0, z43z45], [0, z23z4z35], [0, z73z35], [0, z2z35], [0, z43z4z25], [0, z93z25], [0, z24z5],
[0, z73z4z5], [0, z133 z5], [0, z93z4], [0, z22z4]}
(50)
{
z2z3 + z4z5 = 0
z21 + z
2
2z5 + z
8
3z5 + z
3
4 + z3z
5
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (3940 , 45 , 15 , 1320 , 720 ; 1, 3920 )
µ = 121
mini = {[z1, 0], [0, z75], [0, z3z4z45], [0, z73z45], [0, z63z4z35], [0, z143 z35], [0, z2z35], [0, z24z5], [0, z73z4z5],
[0, z123 z4], [0, z22z4], [0, z163 ]}
(51)
{
z2z3 + z4z5 = 0
z21 + z
2
2z5 + z
4
3z5 + z2z
2
4 + z
4
5 + z
2
3z
2
4 = 0
(w1,w2,w3,w4,w5; 1, d) = (89 , 23 , 13 , 59 , 49 ; 1, 169 )
µ = 61
mini = {[z1, 0], [0, z55], [0, z23z45], [0, z4z35], [0, z43z35], [0, z2z35], [0, z23z4z25], [0, z63z25], [0, z33z4z5],
[0, z2z4z5], [0, z73z5], [0, z3z24], [0, z63z4], [0, z103 ], [0, z22]}
(52)
{
z2z3 + z4z5 = 0
z21 + z
2
2z5 + z
6
3z5 + z2z
2
4 + z3z
4
5 + z
3
3z
2
4 = 0
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(w1,w2,w3,w4,w5; 1, d) = (2324 , 34 , 14 , 712 , 512 ; 1, 2312 )
µ = 93
mini = {[z1, 0], [0, z23z55], [0, z4z45], [0, z53z45], [0, z3z4z35], [0, z73z35], [0, z2z35], [0, z43z4z25], [0, z103 z25],
[0, z63z4z5], [0, z2z4z5], [0, z113 z5], [0, z23z24], [0, z93z4], [0, z153 ], [0, z22]}
(53)
{
z2z3 + z
2
4 + z
3
5 = 0
z21 + z
2
2z5 + z
4
3 + z3z4z
2
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (79 , 1118 , 718 , 12 , 13 ; 1, 149 )
µ = 63
mini = {[z25, 0], [z1z5, 0], [0, z95], [0, z4z65], [0, z3z65], [0, z2z65], [0, z23z55], [0, z3z4z45], [0, z24z35],
[0, z33z25], [0, z23z24z5], [0, z3z34], [0, z2z4]}
(54)
{
z2z3 + z
2
4 + z1z
2
5 = 0
2z21 + z22z5 + z33 + z3z55 = 0
(w1,w2,w3,w4,w5; 1, d) = (1523 , 1323 , 1023 , 12 , 423 ; 1, 3023)
µ = 79
mini = {[z135 , 0], [z1z5, 0], [0, z135 ], [0, z4z95], [0, z3z95], [0, z2z95], [0, z24z45], [0, z3z4z45], [0, z23z45],
[0, z3z24z5], [0, z34], [0, z2z4]}
(55)
{
z1z2 + z
2
3 + z
2
4 + z
2
5 = 0
z1z3 + 2z52 + z2z24 = 0
(w1,w2,w3,w4,w5; 1, d) = (34 , 14 , 12 , 12 , 12 ; 1, 54)
µ = 31
mini = {[z3, 0], [0, z32z25], [0, z4z5], [0, z42z5], [0, z24], [0, z42z4], [0, z32z3], [0, z82]}
(56)
{
z1z2 + z
2
3 + z
2
4 + z
3
5 = 0
2z1z3 + z52 + z2z24 = 0
(w1,w2,w3,w4,w5; 1, d) = (34 , 14 , 12 , 12 , 13 ; 1, 54)
µ = 56
mini = {[z3z5, 0], [0, z32z45], [0, z4z25], [0, z42z25], [0, z24z5], [0, z42z4z5], [0, z32z3z5], [0, z82z5]}
(57)
{
z1z2 + z
2
3 + z
2
4 + z
4
5 = 0
z1z3 + z
3
2 + z2z
3
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (58 , 38 , 12 , 12 , 14 ; 1, 98)
µ = 43
mini = {[z75, 0], [z3z35, 0], [0, z85], [0, z4z45], [0, z3z45], [0, z2z24z5], [0, z2z3z5], [0, z22z5]}
(58)
{
z1z2 + z
2
3 + z
2
4 + z
3
5 = 0
z1z3 + z
2
2z4 + z4z
2
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (23 , 13 , 12 , 12 , 13 ; 1, 76)
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µ = 36
mini = {[z55, 0], [z3z5, 0], [0, z65], [0, z2z45], [0, z3z35], [0, z22z25], [0, z2z3z5], [0, z32z5],
[0, z24], [0, z2z4], [0, z32z3]}
(59)
{
z1z2 + z
2
3 + z
2
4 + z
n
5 = 0
z1z5 + 2z23 + z24 + 3zn2 = 0
n ≥ 3
(w1,w2,w3,w4,w5; 1, d) = (−1+nn , 1n , 12 , 12 , 1n ; 1, 1)
µ = −3 + 4n + n2
mini = {[z−2+2n5 , 0], [z4z−2+n5 , 0], [z3z−2+n5 , 0], [0, z−2+2n5 ], [0, z−2+n2 z−1+n5 ], [0, z−1+n2 ]}
(60)
{
z1z2 + z
2
3 + z
2
4 + z
n
5 = 0
z1z5 + 3z1+2n2 + 2z2z23 + z2z24 = 0
n ≥ 3
(w1,w2,w3,w4,w5; 1, d) = (−1+2n2n , 12n , 12 , 12 , 1n ; 1, 1+2n2n )
µ = 5 + 9n + 2n2
mini = {[z−1+n5 , 0], [0, z2zn5], [0, z−1+2n2 z−1+n5 ], [0, z−3+4n2 z5], [0, z24], [0, z3z4], [0, z2n2 z4],
[0, z2n2 z3], [0, z4n2 ]}
(61)
{
z1z2 + z
2
3 + z
2
4 = 0
z1z3 + z
n
2 + z
3
5 = 0
n ≥ 3
(w1,w2,w3,w4,w5; 1, d) = (−1+2n2(1+n) , 32(1+n) , 12 , 12 , n2(1+n) ; 1, 3n2(1+n) )
µ = 1 + 8n
mini = {[z25, 0], [z3z5, 0], [0, z−2+n2 z24z5], [0, z−1+n2 z3z5]}
(62)
{
z1z2 + z
2
3 + z
2
4 = 0
z1z3 + z
n
2 + z
4
5 = 0
3 ≤ n ≤ 7
(w1,w2,w3,w4,w5; 1, d) = (−1+2n2(1+n) , 32(1+n) , 12 , 12 , 3n8(1+n) ; 1, 3n2(1+n) )
µ = 1 + 12n
mini = {[z35, 0], [z3z25, 0], [0, z−2+n2 z24z25], [0, z−1+n2 z3z25]}
(63)
{
z1z2 + z
2
3 + z
2
4 = 0
z1z3 + z
n
2 + z
5
5 = 0
3 ≤ n ≤ 4
(w1,w2,w3,w4,w5; 1, d) = (−1+2n2(1+n) , 32(1+n) , 12 , 12 , 3n10(1+n) ; 1, 3n2(1+n) )
µ = 1 + 16n
mini = {[z45, 0], [z3z35, 0], [0, z−2+n2 z24z35], [0, z−1+n2 z3z35]}
(64)
{
z1z2 + z
2
3 + z
2
4 = 0
z1z3 + z
3
2 + z
n
5 = 0
6 ≤ n ≤ 8
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(w1,w2,w3,w4,w5; 1, d) = (58 , 38 , 12 , 12 , 98n ; 1, 98)
µ = −11 + 12n
mini = {[z−2+2n5 , 0], [z3z−2+n5 , 0], [0, z2z24z−2+n5 ], [0, z2z3z−2+n5 ], [0, z22z−2+n5 ]}
(65)
{
z1z2 + z
2
3 + z
2
4 = 0
z1z3 + z
n
2z3 + z
3
5 + z1z4 = 0
n ≥ 2
(w1,w2,w3,w4,w5; 1, d) = ( n1+n , 11+n , 12 , 12 , 1+3n6(1+n) ; 1, 1+3n2(1+n) )
µ = 5 + 12n
mini = {[z25, 0], [z4z5, 0], [0, z−2+n2 z24z5], [0, z−1+2n2 z4z5], [0, z−1+n2 z3z5], [0, z2n2 z5]}
(66)
{
z1z2 + z
2
3 + z
2
4 = 0
z1z3 + z
n
2z3 + z
4
5 + z1z4 = 0
2 ≤ n ≤ 4
(w1,w2,w3,w4,w5; 1, d) = ( n1+n , 11+n , 12 , 12 , 1+3n8(1+n) ; 1, 1+3n2(1+n) )
µ = 7 + 18n
mini = {[z35, 0], [z4z25, 0], [0, z−2+n2 z24z25], [0, z−1+2n2 z4z25], [0, z−1+n2 z3z25], [0, z2n2 z25]}
(67)
{
z1z2 + z
2
3 + z
2
4 = 0
z1z3 + z
2
2z3 + z
5
5 + z1z4 = 0
(w1,w2,w3,w4,w5; 1, d) = (23 , 13 , 12 , 12 , 730 ; 1, 76)
µ = 57
mini = {[z85, 0], [z4z35, 0], [0, z24z35], [0, z32z4z35], [0, z2z3z35]}
(68)
{
z1z2 + z
2
3 + z
2
4 = 0
z1z3 + z
2
2z3 + z
6
5 + z1z4 = 0
(w1,w2,w3,w4,w5; 1, d) = (23 , 13 , 12 , 12 , 736 ; 1, 76)
µ = 71
mini = {[z105 , 0], [z4z45, 0], [0, z24z45], [0, z32z4z45], [0, z2z3z45]}
(69)
{
z1z2 + z
2
3 + z
2
4 = 0
z1z3 + z
2
2z5 + z
n
5 = 0
n ≥ 3
(w1,w2,w3,w4,w5; 1, d) = ( 1+3n2(−1+3n) , 3(−1+n)2(−1+3n) , 12 , 12 , 3−1+3n ; 1, 3n−1+3n )
µ = 1 + 8n
mini = {[z−2+2n5 , 0], [z3z−1+n5 , 0], [0, z24z−1+n5 ], [0, z3z−1+n5 ], [0, z2z−1+n5 ], [0, z2z4], [0, z2z3]}
(70)
{
z1z2 + z
2
3 + z
2
4 = 0
z1z3 + z
3
2z5 + z
n
5 = 0
3 ≤ n ≤ 6
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(w1,w2,w3,w4,w5; 1, d) = ( 1+5n2(−1+4n) , 3(−1+n)2(−1+4n) , 12 , 12 , 92(−1+4n) ; 1, 9n2(−1+4n) )
µ = 1 + 12n
mini = {[z−2+2n5 , 0], [z3z−1+n5 , 0], [0, z2z24z−1+n5 ], [0, z2z3z−1+n5 ], [0, z22z−1+n5 ], [0, z22z4], [0, z22z3]}
(71)
{
z1z2 + z
2
3 + z
2
4 = 0
z1z3 + z
4
2z5 + z
n
5 = 0
3 ≤ n ≤ 4
(w1,w2,w3,w4,w5; 1, d) = ( 1+7n2(−1+5n) , 3(−1+n)2(−1+5n) , 12 , 12 , 6−1+5n ; 1, 6n−1+5n )
µ = 1 + 16n
mini = {[z−2+2n5 , 0], [z3z−1+n5 , 0], [0, z22z24z−1+n5 ], [0, z22z3z−1+n5 ], [0, z32z−1+n5 ], [0, z32z4], [0, z32z3]}
(72)
{
z1z2 + z
2
3 + z
2
4 = 0
z1z3 + z
5
2z5 + z
n
5 = 0
3 ≤ n ≤ 4
(w1,w2,w3,w4,w5; 1, d) = ( 1+9n2(−1+6n) , 3(−1+n)2(−1+6n) , 12 , 12 , 152(−1+6n) ; 1, 15n2(−1+6n) )
µ = 1 + 20n
mini = {[z−2+2n5 , 0], [z3z−1+n5 , 0], [0, z32z24z−1+n5 ], [0, z32z3z−1+n5 ], [0, z42z−1+n5 ], [0, z42z4], [0, z42z3]}
(73)
{
z1z2 + z
2
3 + z
2
4 = 0
z1z3 + z
n
2z5 + z
3
5 = 0
n ≥ 6
(w1,w2,w3,w4,w5; 1, d) = (−1+3n2+3n , 32+3n , 12 , 12 , 3n2(2+3n) ; 1, 9n2(2+3n) )
µ = 1 + 12n
mini = {[z25, 0], [z3z5, 0], [0, z−2+n2 z24z5], [0, z−1+n2 z3z5], [0, z−2+2n2 z24], [0, z−1+2n2 z3]}
(74)
{
z1z2 + z
2
3 + z
2
4 = 0
z1z5 + z
2n
2 + z
n
5 + 2z2z
2
3 + z2z
2
4 = 0
n ≥ 3
(w1,w2,w3,w4,w5; 1, d) = (2(−1+n)−1+2n , 1−1+2n , 12 , 12 , 2−1+2n ; 1, 2n−1+2n )
µ = 1 + 7n + 2n2
mini = {[z−1+n5 , 0], [0, z32z−1+n5 ], [0, z−1+2n2 z−2+n5 ], [0, z−5+4n2 z5], [0, z24], [0, z3z4], [0, z−1+2n2 z4],
[0, z−1+2n2 z3], [0, z−2+4n2 ]}
(75)
{
z1z2 + z
2
3 + z
3
4 = 0
z1z4 + z
3
2 + z
n
5 = 0
3 ≤ n ≤ 5
(w1,w2,w3,w4,w5; 1, d) = (23 , 13 , 12 , 13 , 1n ; 1, 1)
µ = 2(−7 + 8n)
mini = {[z4z−2+2n5 , 0], [z24z−2+n5 , 0], [0, z2z34z−2+n5 ], [0, z2z3z−2+n5 ], [0, z22z−2+n5 ]}
(76)
{
z1z2 + z
2
3 + z
3
4 + z
3
5 = 0
z1z4 + z
3
2z4 + z2z3z5 = 0
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(w1,w2,w3,w4,w5; 1, d) = (34 , 14 , 12 , 13 , 13 ; 1, 1312)
µ = 53
mini = {[z25, 0], [z24z5, 0], [0, z45], [0, z22z35], [0, z2z4z25], [0, z3z25], [0, z52z25], [0, z2z24z5], [0, z42z4z5],
[0, z34], [0, z52z4], [0, z82]}
(77)
{
z1z2 + z
2
3 + z
n
5 = 0
z1z5 + z
n
2 + z
3
4 = 0
4 ≤ n ≤ 5
(w1,w2,w3,w4,w5; 1, d) = (−1+nn , 1n , 12 , 13 , 1n ; 1, 1)
µ = −5 + 7n + 2n2
mini = {[z4z−1+n5 , 0], [z24z−2+n5 , 0], [0, z−2+n2 z4zn5], [0, z−1+n2 z4z−1+n5 ], [0, z−2+n2 z3z4]}
(78)
{
z1z2 + z
2
3 + z
3
4 + z
4
5 = 0
z1z5 + z
5
2 + z2z3z4 = 0
(w1,w2,w3,w4,w5; 1, d) = (1924 , 524 , 12 , 13 , 14 ; 1, 2524 )
µ = 71
mini = {[z4z35, 0], [z24, 0], [0, z4z45], [0, z32z45], [0, z22z4z35], [0, z62z35], [0, z32z4z25], [0, z72z25], [0, z2z24z5],
[0, z34], [0, z3z24], [0, z52z4], [0, z82]}
(79)
{
z1z2 + z
2
3 + z
3
4 = 0
z1z3 + z
2
2z5 + z
4
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (1322 , 922 , 12 , 13 , 311 ; 1, 1211 )
µ = 61
mini = {[z4z65, 0], [z3z4z35, 0], [0, z44z35], [0, z3z4z35], [0, z2z4z35], [0, z2z24], [0, z2z3z4]}
(80)
{
z1z2 + z
2
3 + z
3
4 = 0
z1z4 + z
4
2 + z
4
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (1115 , 415 , 12 , 13 , 415 ; 1, 1615 )
µ = 65
mini = {[z4z65, 0], [z24z25, 0], [0, z22z34z25], [0, z22z3z25], [0, z32z25]}
(81)
{
z1z2 + z
2
3 + z
3
4 = 0
z1z4 + z
2
2z3 + z
4
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (1318 , 518 , 12 , 13 , 1972 ; 1, 1918 )
µ = 62
mini = {[z4z65, 0], [z24z25, 0], [0, z34z25], [0, z32z24z25], [0, z2z3z25]}
(82)
{
z1z2 + z
2
3 + z
2
4z5 + z
5
5 = 0
z1z4 + z
3
2 + z2z3z5 = 0
(w1,w2,w3,w4,w5; 1, d) = (1320 , 720 , 12 , 25 , 15 ; 1, 2120 )
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µ = 61
mini = {[z85, 0], [z4z45, 0], [z24, 0], [0, z105 ], [0, z2z85], [0, z4z65], [0, z3z55], [0, z2z4z45], [0, z22z35],
[0, z24z25], [0, z2z24]}
(83)
{
z1z2 + z
2
3 + z
2
4z5 = 0
z1z3 + z
2
2z5 + z
4
5 + z
3
4 = 0
(w1,w2,w3,w4,w5; 1, d) = (1322 , 922 , 12 , 411 , 311 ; 1, 1211)
µ = 54
mini = {[z75, 0], [z4z65, 0], [z3z45, 0], [z3z4z5, 0], [z24, 0], [0, z65], [0, z4z55], [0, z3z45], [0, z2z45],
[0, z2z4z25], [0, z3z4z5], [0, z2z3z5], [0, z2z3z4]}
(84)
{
z1z2 + z
2
3 + z
2
4z5 = 0
z1z4 + z
3
2 + z
n
5 = 0
3 ≤ n ≤ 7
(w1,w2,w3,w4,w5; 1, d) = (3+5n3+8n , 3n3+8n , 12 , −3+4n3+8n , 93+8n ; 1, 9n3+8n)
µ = −2 + 12n
mini = {[z−1+2n5 , 0], [z4z−1+n5 , 0], [0, z2z24z−1+n5 ], [0, z22z−1+n5 ], [0, z2z3z−2+n5 ]}
(85)
{
z1z2 + z
2
3 + z
2
4z5 = 0
z1z4 + z
4
2 + z
4
5 = 0
(w1,w2,w3,w4,w5; 1, d) = ( 811 , 311 , 12 , 411 , 311 ; 1, 1211)
µ = 61
mini = {[z75, 0], [z4z35, 0], [0, z22z24z35], [0, z32z35], [0, z22z3z25]}
(86)
{
z1z2 + z
2
3 + z
2
4z5 = 0
z1z4 + z
5
2 + z
4
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (4153 , 1253 , 12 , 1953 , 1553 ; 1, 6053)
µ = 76
mini = {[z4z35, 0], [0, z32z24z35], [0, z42z4z35], [0, z32z3z25]}
(87)
{
z1z2 + z
2
3 + z
2
4z5 = 0
z1z4 + z
2
2z3 + z
4
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (3752 , 1552 , 12 , 1952 , 726 ; 1, 1413)
µ = 57
mini = {[z75, 0], [z4z35, 0], [0, z24z35], [0, z32z4z35], [0, z2z3z35], [0, z2z24]}
(88)
{
z1z2 + z
2
3 + z
2
4z5 = 0
z1z4 + z
2
2z3 + z
5
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (4564 , 1964 , 12 , 2564 , 732 ; 1, 3532)
µ = 71
mini = {[z95, 0], [z4z45, 0], [0, z24z45], [0, z32z4z45], [0, z2z3z45], [0, z2z24]}
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(89)
{
z1z2 + z
2
3 + z
2
4z5 = 0
z1z5 + z
6
2 + z
3
4 + z
4
5 = 0
(w1,w2,w3,w4,w5; 1, d) = ( 911 , 211 , 12 , 411 , 311 ; 1, 1211)
µ = 74
mini = {[z45, 0], [z4z25, 0], [z24, 0], [0, z32z4z35], [0, z52z35], [0, z42z4z25], [0, z102 z5], [0, z42z3z4],
[0, z52z4], [0, z112 ]}
(90)
{
z1z2 + z
2
3 + z
3
5 = 0
z1z3 + z
3
2 + z
3
4 = 0
(w1,w2,w3,w4,w5; 1, d) = (58 , 38 , 12 , 38 , 13 ; 1, 98)
µ = 46
mini = {[z44z5, 0], [z3z4z5, 0], [0, z2z4z45], [0, z2z3z4z5], [0, z22z4z5]}
(91)
{
z1z2 + z
2
3 + z
3
5 = 0
z1z3 + z
4
2 + z
3
4 = 0
(w1,w2,w3,w4,w5; 1, d) = ( 710 , 310 , 12 , 25 , 13 ; 1, 65)
µ = 60
mini = {[z24z5, 0], [z3z4z5, 0], [0, z22z4z45], [0, z32z3z4z5]}
(92)
{
z1z2 + z
2
3 + z
3
5 = 0
z1z3 + z
3
2z4 + z
3
4 = 0
(w1,w2,w3,w4,w5; 1, d) = ( 811 , 311 , 12 , 922 , 13 ; 1, 2722 )
µ = 67
mini = {[z24z5, 0], [z3z4z5, 0], [0, z2z4z45], [0, z42z45], [0, z22z3z4z5], [0, z52z3z5]}
(93)
{
z1z2 + z
2
3 + z
3
5 = 0
z1z3 + z
2
2z5 + z
3
4 = 0
(w1,w2,w3,w4,w5; 1, d) = (1118 , 718 , 12 , 1027 , 13 ; 1, 109 )
µ = 44
mini = {[z3z4z25, 0], [z24z5, 0], [0, z4z55], [0, z2z3z4z25]}
(94)
{
z1z2 + z
2
3 + z
4
5 = 0
z1z3 + z
2
2z5 + z
3
4 = 0
(w1,w2,w3,w4,w5; 1, d) = ( 712 , 512 , 12 , 1336 , 14 ; 1, 1312 )
µ = 59
mini = {[z3z4z35, 0], [z24z25, 0], [0, z4z75], [0, z2z3z4z35]}
(95)
{
z1z2 + z
2
3 + z
3
5 = 0
z1z3 + z
3
2z5 + z
3
4 = 0
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(w1,w2,w3,w4,w5; 1, d) = (1724 , 724 , 12 , 2972 , 13 ; 1, 2924 )
µ = 62
mini = {[z24z5, 0], [z3z4z5, 0], [0, z2z4z55], [0, z22z4z25], [0, z22z3z4z5], [0, z32z3z4], [0, z62z4]}
(96)
{
z1z2 + z
2
3 + z
3
5 = 0
z1z4 + z
6
2 + z
3
4 + z2z
2
3 = 0
(w1,w2,w3,w4,w5; 1, d) = (45 , 15 , 12 , 25 , 13 ; 1, 65)
µ = 73
mini = {[z24z5, 0], [0, z42z45], [0, z3z25], [0, z52z25], [0, z2z24z5], [0, z52z4z5], [0, z52z3z5], [0, z102 z5]}
(97)
{
z1z2 + z
2
3 + z
3
5 = 0
z1z4 + z
3
2z3 + z
3
4 + z3z
2
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (79 , 29 , 12 , 718 , 13 ; 1, 76)
µ = 63
mini = {[z25, 0], [z24z5, 0], [0, z45], [0, z32z35], [0, z32z4z25], [0, z42z25], [0, z24z5], [0, z62z4z5], [0, z72z5],
[0, z22z24], [0, z42z3], [0, z102 ]}
(98)
{
z1z2 + z
2
3 + z
3
5 = 0
z1z5 + z
n
2 + z
3
4 = 0
3 ≤ n ≤ 14
(w1,w2,w3,w4,w5; 1, d) = (−1+3n3(1+n) , 43(1+n) , 12 , 4n9(1+n) , 13 ; 1, 4n3(1+n) )
µ = 4 + 10n
mini = {[z4z25, 0], [z24z5, 0], [0, z−2+n2 z4z35], [0, z−1+n2 z4z25], [0, z−2+n2 z3z4]}
(99)
{
z1z2 + z
2
3 + z
4
5 = 0
z1z5 + z
n
2 + z
3
4 = 0
4 ≤ n ≤ 8
(w1,w2,w3,w4,w5; 1, d) = (−1+4n4(1+n) , 54(1+n) , 12 , 5n12(1+n) , 14 ; 1, 5n4(1+n) )
µ = 7 + 12n
mini = {[z4z35, 0], [z24z25, 0], [0, z−2+n2 z4z45], [0, z−1+n2 z4z35], [0, z−2+n2 z3z4]}
(100)
{
z1z2 + z
2
3 + z
5
5 = 0
z1z5 + z
6
2 + z
3
4 = 0
(w1,w2,w3,w4,w5; 1, d) = (2935 , 635 , 12 , 1235 , 15 ; 1, 3635 )
µ = 94
mini = {[z4z45, 0], [z24z35, 0], [0, z42z4z55], [0, z52z4z45], [0, z42z3z4]}
(101)
{
z1z2 + z
2
3 + z
3
5 = 0
z1z5 + z
n
2z3 + z
3
4 = 0
2 ≤ n ≤ 8
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(w1,w2,w3,w4,w5; 1, d) = ( 1+6n6(1+n) , 56(1+n) , 12 , 3+8n18(1+n) , 13 ; 1, 3+8n6(1+n) )
µ = 2(5 + 8n)
mini = {[z4z25, 0], [z24z5, 0], [0, z−2+n2 z4z35], [0, z−1+2n2 z4z25], [0, z2n2 z4z5], [0, z−1+n2 z3z4]}
(102)
{
z1z2 + z
2
3 + z
4
5 = 0
z1z5 + z
3
2z3 + z
3
4 = 0
(w1,w2,w3,w4,w5; 1, d) = (1316 , 316 , 12 , 1748 , 14 ; 1, 1716 )
µ = 75
mini = {[z4z35, 0], [z24z25, 0], [0, z2z4z45], [0, z52z4z35], [0, z62z4z25], [0, z22z3z4]}
(103)
{
z1z2 + z
2
3 + z
4
5 = 0
z1z5 + z
4
2z3 + z
3
4 = 0
(w1,w2,w3,w4,w5; 1, d) = (1720 , 320 , 12 , 1130 , 14 ; 1, 1110 )
µ = 95
mini = {[z4z35, 0], [z24z25, 0], [0, z22z4z45], [0, z72z4z35], [0, z82z4z25], [0, z32z3z4]}
(104)
{
z1z2 + z
2
3 + z
5
5 = 0
z1z5 + z
3
2z3 + z
3
4 = 0
(w1,w2,w3,w4,w5; 1, d) = (3340 , 740 , 12 , 41120 , 15 ; 1, 4140)
µ = 92
mini = {[z4z45, 0], [z24z35, 0], [0, z2z4z55], [0, z52z4z45], [0, z62z4z35], [0, z22z3z4]}
(105)
{
z1z2 + z
2
3 + z
3
5 = 0
z1z5 + z
n
2z4 + z
3
4 = 0
2 ≤ n ≤ 9
(w1,w2,w3,w4,w5; 1, d) = ( −2+9n3(2+3n) , 83(2+3n) , 12 , 4n3(2+3n) , 13 ; 1, 4n2+3n )
µ = 4 + 15n
mini = {[z4z25, 0], [z24z5, 0], [0, z−2+n2 z4z35], [0, z−2+2n2 z35], [0, z−1+n2 z4z25], [0, z−1+2n2 z25],
[0, z−2+n2 z3z4], [0, z−2+2n2 z3]}
(106)
{
z1z2 + z
2
3 + z
4
5 = 0
z1z5 + z
3
2z4 + z
3
4 = 0
(w1,w2,w3,w4,w5; 1, d) = (1722 , 522 , 12 , 1544 , 14 ; 1, 4544 )
µ = 61
mini = {[z4z35, 0], [z24z25, 0], [0, z2z4z45], [0, z42z45], [0, z22z4z35], [0, z52z35], [0, z2z3z4], [0, z42z3]}
(107)
{
z1z2 + z
2
3 + z
4
5 = 0
z1z5 + z
5
2z4 + z
3
4 = 0
(w1,w2,w3,w4,w5; 1, d) = (2934 , 534 , 12 , 2568 , 14 ; 1, 7568 )
µ = 97
mini = {[z4z35, 0], [z24z25, 0], [0, z32z4z45], [0, z82z45], [0, z42z4z35], [0, z92z35], [0, z32z3z4], [0, z82z3]}
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(108)
{
z1z2 + z
2
3 + z
4
5 = 0
z1z5 + z
4
2z5 + z
3
4 + z2z3z4 = 0
(w1,w2,w3,w4,w5; 1, d) = (45 , 15 , 12 , 720 , 14 ; 1, 2120)
µ = 70
mini = {[z4z35, 0], [z24z25, 0], [0, z32z45], [0, z22z4z35], [0, z62z35], [0, z32z4z25], [0, z72z5], [0, z22z24],
[0, z3z4], [0, z52z4], [0, z102 ]}
(109)
{
z1z2 + z
2
3 + z4z
2
5 = 0
z1z5 + z
n
2 + z
3
4 = 0
3 ≤ n ≤ 11
(w1,w2,w3,w4,w5; 1, d) = (−3+7n6+7n , 96+7n , 12 , 3n6+7n , 3+2n6+7n ; 1, 9n6+7n)
µ = 1 + 11n
mini = {[z45, 0], [z24z5, 0], [0, z−3+n2 z55], [0, z−2+n2 z45], [0, z−2+n2 z4z25], [0, z−1+n2 z4z5], [0, z−2+n2 z3z4]}
(110)
{
z1z2 + z
2
3 + z4z
3
5 = 0
z1z5 + z
n
2 + z
3
4 = 0
5 ≤ n ≤ 7
(w1,w2,w3,w4,w5; 1, d) = (−3+10n9+10n , 129+10n , 12 , 4n9+10n , 3+2n9+10n ; 1, 12n9+10n )
µ = 4 + 14n
mini = {[z65, 0], [z24z25, 0], [0, z−3+n2 z75], [0, z−2+n2 z65], [0, z−2+n2 z4z35], [0, z−1+n2 z4z25], [0, z−2+n2 z3z4]}
(111)
{
z1z2 + z
2
3 + z4z
2
5 = 0
z1z5 + z
n
2z3 + z
3
4 = 0
2 ≤ n ≤ 6
(w1,w2,w3,w4,w5; 1, d) = ( 1+14n2(6+7n) , 112(6+7n) , 12 , 1+3n6+7n , 5+4n2(6+7n) ; 1, 3(1+3n)6+7n )
µ = 7 + 18n
mini = {[z45, 0], [z24z5, 0], [0, z−3+n2 z55], [0, z−2+2n2 z45], [0, z−1+2n2 z35], [0, z−2+n2 z4z25], [0, z−1+2n2 z4z5],
[0, z−1+n2 z3z4], [0, z2n2 z4]}
(112)
{
z1z2 + z
2
3 + z4z
3
5 = 0
z1z5 + z
3
2z3 + z
3
4 = 0
(w1,w2,w3,w4,w5; 1, d) = (3239 , 739 , 12 , 926 , 1778 ; 1, 2726)
µ = 85
mini = {[z65, 0], [z24z25, 0], [0, z75], [0, z42z65], [0, z52z55], [0, z2z4z35], [0, z52z4z25], [0, z62z4z5], [0, z22z3z4]}
(113)
{
z1z2 + z4z5 = 0
z1z4 + z
2
3 + z
n2
2 + z
n5
5 = 0
n2 ≥ 3 and 2 ≤ n5 ≤ n2
(w1,w2,w3,w4,w5; 1, d) = (n2−n5+n2n5n2+n5+n2n5 ,
2n5
n2+n5+n2n5
,
n2n5
n2+n5+n2n5
,
−n2+n5+n2n5
n2+n5+n2n5
, 2n2
n2+n5+n2n5
; 1, 2n2n5
n2+n5+n2n5
)
µ = (1 + n2)(1 + n5)
mini = {[z−1+n55 , 0], [z3, 0], [0, z−1+n22 z−1+n55 ], [0, z−1+n22 z4]}
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(114)
{
z1z2 + z4z5 = 0
z1z4 + z
2
3 + z
n2
2 + z1z
n5
5 = 0
n2 ≥ 3 and 2 ≤ 2n5 ≤ n2
(w1,w2,w3,w4,w5; 1, d) = ( n2−n5+n2n5(1+n2)(1+n5) ,
1+2n5
(1+n2)(1+n5) ,
n2+2n2n5
2(1+n2)(1+n5) ,
n5
1+n5
, 11+n5
; 1, n2+2n2n5(1+n2)(1+n5))
µ = 1 + 2n2(1 + n5)
mini = {[zn55 , 0], [z3, 0], [0, z−2+n22 z2n55 ], [0, z−1+n22 zn55 ], [0, z−2+n22 z4]}
(115)
{
z1z2 + z4z5 = 0
z1z4 + z
2
3 + z
n2
2 z4 + z
n5
5 = 0
n2 ≥ 2 and 2 ≤ n5 ≤ 2n2
(w1,w2,w3,w4,w5; 1, d) = ( n21+n2 , 11+n2 ,
n5+2n2n5
2(1+n2)(1+n5) ,
−n2+n5+n2n5
(1+n2)(1+n5) ,
1+2n2
(1+n2)(1+n5) ; 1,
n5+2n2n5
(1+n2)(1+n5))
µ = 1 + 2(1 + n2)n5
mini = {[z−1+n55 , 0], [z3, 0], [0, zn22 z−1+n55 ], [0, z2n22 z−2+n55 ], [0, z−1+n22 z4]}
(116)
{
z1z2 + z4z5 = 0
z1z4 + 2z23 + 3z
n2
2 z4 + 4z1z
n5
5 + 5z
n2
2 z
n5
5 = 0
n2 ≥ 2 and 1 ≤ n5 ≤ n2
(w1,w2,w3,w4,w5; 1, d) = ( n21+n2 , 11+n2 ,
n2+n5+2n2n5
2(1+n2)(1+n5) ,
n5
1+n5
, 11+n5
; 1, n2+n5+2n2n5(1+n2)(1+n5) )
µ = (1 + 2n2)(1 + 2n5)
mini = {[zn55 , 0], [z3, 0], [0, z−2+n22 z2n55 ], [0, z−1+n22 z−1+2n55 ], [0, z−1+2n22 zn55 ], [0, z2n22 z−1+n55 ],
[0, z3n22 z−2+n55 ], [0, z−1+n22 z4]}
(117)
{
z1z2 + z
2
4 + z
2
5 = 0
z1z4 + z
2
3 + z
n
2 = 0
n ≥ 3
(w1,w2,w3,w4,w5; 1, d) = (−1+2n2(1+n) , 32(1+n) , 3n4(1+n) , 12 , 12 ; 1, 3n2(1+n) )
µ = 1 + 4n
mini = {[z4, 0], [z3, 0], [0, z−2+n2 z25], [0, z−1+n2 z4]}
(118)
{
z1z2 + z
2
4 + z
3
5 = 0
z1z4 + z
2
3 + z
n
2 = 0
n ≥ 3
(w1,w2,w3,w4,w5; 1, d) = (−1+2n2(1+n) , 32(1+n) , 3n4(1+n) , 12 , 13 ; 1, 3n2(1+n) )
µ = 3 + 7n
mini = {[z4z5, 0], [z3z5, 0], [0, z−2+n2 z45], [0, z−1+n2 z4z5]}
(119)
{
z1z2 + z
2
4 + z
4
5 = 0
z1z4 + z
2
3 + z
n
2 = 0
n ≥ 3
(w1,w2,w3,w4,w5; 1, d) = (−1+2n2(1+n) , 32(1+n) , 3n4(1+n) , 12 , 14 ; 1, 3n2(1+n) )
µ = 5 + 10n
mini = {[z4z25, 0], [z3z25, 0], [0, z−2+n2 z65], [0, z−1+n2 z4z25]}
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(120)
{
z1z2 + z
2
4 + z
5
5 = 0
z1z4 + z
2
3 + z
n
2 = 0
3 ≤ n ≤ 13
(w1,w2,w3,w4,w5; 1, d) = (−1+2n2(1+n) , 32(1+n) , 3n4(1+n) , 12 , 15 ; 1, 3n2(1+n) )
µ = 7 + 13n
mini = {[z4z35, 0], [z3z35, 0], [0, z−2+n2 z85], [0, z−1+n2 z4z35]}
(121)
{
z1z2 + z
2
4 + z
6
5 = 0
z1z4 + z
2
3 + z
n
2 = 0
3 ≤ n ≤ 7
(w1,w2,w3,w4,w5; 1, d) = (−1+2n2(1+n) , 32(1+n) , 3n4(1+n) , 12 , 16 ; 1, 3n2(1+n) )
µ = 9 + 16n
mini = {[z4z45, 0], [z3z45, 0], [0, z−2+n2 z105 ], [0, z−1+n2 z4z45]}
(122)
{
z1z2 + z
2
4 + z
7
5 = 0
z1z4 + z
2
3 + z
n
2 = 0
3 ≤ n ≤ 5
(w1,w2,w3,w4,w5; 1, d) = (−1+2n2(1+n) , 32(1+n) , 3n4(1+n) , 12 , 17 ; 1, 3n2(1+n) )
µ = 11 + 19n
mini = {[z4z55, 0], [z3z55, 0], [0, z−2+n2 z125 ], [0, z−1+n2 z4z55]}
(123)
{
z1z2 + z
2
4 + z
8
5 = 0
z1z4 + z
2
3 + z
n
2 = 0
3 ≤ n ≤ 4
(w1,w2,w3,w4,w5; 1, d) = (−1+2n2(1+n) , 32(1+n) , 3n4(1+n) , 12 , 18 ; 1, 3n2(1+n) )
µ = 13 + 22n
mini = {[z4z65, 0], [z3z65, 0], [0, z−2+n2 z145 ], [0, z−1+n2 z4z65]}
(124)
{
z1z2 + z
2
4 + z
9
5 = 0
z1z4 + z
2
3 + z
n
2 = 0
3 ≤ n ≤ 4
(w1,w2,w3,w4,w5; 1, d) = (−1+2n2(1+n) , 32(1+n) , 3n4(1+n) , 12 , 19 ; 1, 3n2(1+n) )
µ = 5(3 + 5n)
mini = {[z4z75, 0], [z3z75, 0], [0, z−2+n2 z165 ], [0, z−1+n2 z4z75]}
(125)
{
z1z2 + z
2
4 + z
n
5 = 0
z1z4 + z
2
3 + z
3
2 = 0
10 ≤ n ≤ 15
(w1,w2,w3,w4,w5; 1, d) = (58 , 38 , 916 , 12 , 1n ; 1, 98)
µ = −9 + 11n
mini = {[z4z−2+n5 , 0], [z3z−2+n5 , 0], [0, z2z−2+2n5 ], [0, z22z4z−2+n5 ]}
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(126)
{
z1z2 + z
2
4 + z
4
5 = 0
z1z4 + z
2
3 + z
n
2z4 + z
n
2z
2
5 = 0
n ≥ 2
(w1,w2,w3,w4,w5; 1, d) = ( n1+n , 11+n , 1+3n4(1+n) , 12 , 14 ; 1, 1+3n2(1+n) )
µ = 5(2 + 3n)
mini = {[z4z25, 0], [z3z25, 0], [0, z−2+n2 z65], [0, z−1+n2 z45], [0, z−1+2n2 z35], [0, z−1+n2 z4z25], [0, z2n2 z25], [0, z3n2 ]}
(127)
{
z1z2 + z
2
4 + z
6
5 = 0
z1z4 + z
2
3 + z
n
2z4 + z
n
2z
3
5 = 0
2 ≤ n ≤ 4
(w1,w2,w3,w4,w5; 1, d) = ( n1+n , 11+n , 1+3n4(1+n) , 12 , 16 ; 1, 1+3n2(1+n) )
µ = 17 + 24n
mini = {[z4z45, 0], [z3z45, 0], [0, z−2+n2 z105 ], [0, z−1+n2 z75], [0, z−1+2n2 z55], [0, z−1+n2 z4z45], [0, z2n2 z45],
[0, z3n2 z5]}
(128)
{
z1z2 + z
2
4 + z
8
5 = 0
z1z4 + z
2
3 + z
2
2z4 + z
2
2z
4
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (23 , 13 , 712 , 12 , 18 ; 1, 76)
µ = 90
mini = {[z145 , 0], [z4z65, 0], [z3z65, 0], [0, z185 ], [0, z2z145 ], [0, z4z105 ], [0, z2z4z65], [0, z42z25]}
(129)
{
z1z2 + z
2
4 + z
10
5 = 0
z1z4 + z
2
3 + z
2
2z4 + z
2
2z
5
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (23 , 13 , 712 , 12 , 110 ; 1, 76)
µ = 115
mini = {[z185 , 0], [z4z85, 0], [z3z85, 0], [0, z235 ], [0, z2z185 ], [0, z4z135 ], [0, z2z4z85], [0, z42z35]}
(130)
{
z1z2 + z
2
4 + z
n
5 = 0
z1z4 + z
2
3 + z
2
2z5 = 0
n ≥ 2
(w1,w2,w3,w4,w5; 1, d) = (2+3n6n , −2+3n6n , 1+3n6n , 12 , 1n ; 1, 1+3n3n )
µ = −1 + 8n
mini = {[z4z−1+n5 , 0], [z3z−2+n5 , 0], [0, z−1+2n5 ], [0, z2z4z−1+n5 ]}
(131)
{
z1z2 + z
2
4 + z
n
5 = 0
z1z4 + z
2
3 + z
3
2z5 = 0
2 ≤ n ≤ 13
(w1,w2,w3,w4,w5; 1, d) = (2+5n8n , −2+3n8n , 2+9n16n , 12 , 1n ; 1, 2+9n8n )
µ = −1 + 11n
mini = {[z4z−1+n5 , 0], [z3z−2+n5 , 0], [0, z2z−1+2n5 ], [0, z22z4z−1+n5 ]}
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(132)
{
z1z2 + z
2
4 + z
n
5 = 0
z1z4 + z
2
3 + z
4
2z5 = 0
2 ≤ n ≤ 8
(w1,w2,w3,w4,w5; 1, d) = (2+7n10n , −2+3n10n , 1+6n10n , 12 , 1n ; 1, 1+6n5n )
µ = −1 + 14n
mini = {[z4z−1+n5 , 0], [z3z−2+n5 , 0], [0, z22z−1+2n5 ], [0, z32z4z−1+n5 ]}
(133)
{
z1z2 + z
2
4 + z
n
5 = 0
z1z4 + z
2
3 + z
5
2z5 = 0
2 ≤ n ≤ 7
(w1,w2,w3,w4,w5; 1, d) = (2+9n12n , −2+3n12n , 2+15n24n , 12 , 1n ; 1, 2+15n12n )
µ = −1 + 17n
mini = {[z4z−1+n5 , 0], [z3z−2+n5 , 0], [0, z32z−1+2n5 ], [0, z42z4z−1+n5 ]}
(134)
{
z1z2 + z
2
4 + z
n
5 = 0
z1z4 + z
2
3 + z
6
2z5 = 0
2 ≤ n ≤ 6
(w1,w2,w3,w4,w5; 1, d) = (2+11n14n , −2+3n14n , 1+9n14n , 12 , 1n ; 1, 1+9n7n )
µ = −1 + 20n
mini = {[z4z−1+n5 , 0], [z3z−2+n5 , 0], [0, z42z−1+2n5 ], [0, z52z4z−1+n5 ]}
(135)
{
z1z2 + z
2
4 + z
n
5 = 0
z1z4 + z
2
3 + z
7
2z5 = 0
2 ≤ n ≤ 5
(w1,w2,w3,w4,w5; 1, d) = (2+13n16n , −2+3n16n , 2+21n32n , 12 , 1n ; 1, 2+21n16n )
µ = −1 + 23n
mini = {[z4z−1+n5 , 0], [z3z−2+n5 , 0], [0, z52z−1+2n5 ], [0, z62z4z−1+n5 ]}
(136)
{
z1z2 + z
2
4 + z
n
5 = 0
z1z4 + z
2
3 + z
8
2z5 = 0
2 ≤ n ≤ 5
(w1,w2,w3,w4,w5; 1, d) = (2+15n18n , −2+3n18n , 1+12n18n , 12 , 1n ; 1, 1+12n9n )
µ = −1 + 26n
mini = {[z45, 0], [z3z35, 0], [0, z−5+n2 z24z35], [0, z−4+n2 z3z35]}
(137)
{
z1z2 + z
2
4 + z
n
5 = 0
z1z4 + z
2
3 + z
9
2z5 = 0
2 ≤ n ≤ 5
(w1,w2,w3,w4,w5; 1, d) = (2+17n20n , −2+3n20n , 2+27n40n , 12 , 1n ; 1, 2+27n20n )
µ = −1 + 29n
mini = {[z−8+2n5 , 0], [z3z−4+n5 , 0], [0, z32z24z−4+n5 ], [0, z32z3z−4+n5 ], [0, z42z−4+n5 ], [0, z42z4], [0, z42z3]}
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(138)
{
z1z2 + z
2
4 + z
n
5 = 0
z1z4 + z
2
3 + z
10
2 z5 = 0
2 ≤ n ≤ 5
(w1,w2,w3,w4,w5; 1, d) = (2+19n22n , −2+3n22n , 1+15n22n , 12 , 1n ; 1, 1+15n11n )
µ = −1 + 32n
mini = {[z4z45, 0], [z3z45, 0], [0, z−6+n2 z105 ], [0, z−5+n2 z75], [0, z−9+2n2 z55], [0, z−5+n2 z4z45], [0, z−8+2n2 z45],
[0, z−12+3n2 z5]}
(139)
{
z1z2 + z
2
4 + z
n
5 = 0
z1z4 + z
2
3 + z
11
2 z5 = 0
2 ≤ n ≤ 5
(w1,w2,w3,w4,w5; 1, d) = (2+21n24n , −2+3n24n , 2+33n48n , 12 , 1n ; 1, 2+33n24n )
µ = −1 + 35n
mini = {[z4z−2+n5 , 0], [z3z−2+n5 , 0], [0, z92z−1+2n5 ], [0, z102 z−1+n5 ], [0, z102 z4z−2+n5 ], [0, z112 z4], [0, z222 ]}
(140)
{
z1z2 + z
2
4 + z
2
5 = 0
z1z4 + z
2
3 + z
n
2z5 = 0
n ≥ 12
(w1,w2,w3,w4,w5; 1, d) = ( n1+n , 11+n , 1+3n4(1+n) , 12 , 12 ; 1, 1+3n2(1+n) )
µ = 3 + 6n
mini = {[z4, 0], [z3, 0], [0, z−2+n2 z25], [0, z−1+n2 z5], [0, z−1+2n2 z4], [0, z2n2 ]}
(141)
{
z1z2 + z
2
4 + z
3
5 = 0
z1z4 + z
2
3 + z
n
2z5 = 0
n ≥ 12
(w1,w2,w3,w4,w5; 1, d) = (−1+6n6(1+n) , 76(1+n) , 2+9n12(1+n) , 12 , 13 ; 1, 2+9n6(1+n) )
µ = 5 + 9n
mini = {[z4z5, 0], [z3z5, 0], [0, z−2+n2 z45], [0, z−1+n2 z25], [0, z−1+n2 z4z5], [0, z−1+2n2 z4], [0, z2n2 ]}
(142)
{
z1z2 + z
2
4 + z
4
5 = 0
z1z4 + z
2
3 + z
n
2z5 = 0
n ≥ 12
(w1,w2,w3,w4,w5; 1, d) = (−1+4n4(1+n) , 54(1+n) , 1+6n8(1+n) , 12 , 14 ; 1, 1+6n4(1+n) )
µ = 7 + 12n
mini = {[z4z25, 0], [z3z25, 0], [0, z−2+n2 z65], [0, z−1+n2 z35], [0, z−1+n2 z4z25], [0, z−1+2n2 z4], [0, z2n2 ]}
(143)
{
z1z2 + z
2
4 + z
n5
5 = 0
z1z5 + z
2
3 + z
n2
2 = 0
n2 ≥ 3 and 3 ≤ n5 ≤ n2
(w1,w2,w3,w4,w5; 1, d) = (−1+n2n5(1+n2)n5 ,
1+n5
(1+n2)n5 ,
n2+n2n5
2(1+n2)n5 ,
1
2 ,
1
n5
; 1, n2+n2n5(1+n2)n5 )
µ = −3 + 2n5 + n2(2 + n5)
mini = {[z−1+n55 , 0], [z3z−2+n55 , 0], [0, z−2+n22 zn55 ], [0, z−1+n22 z−1+n55 ], [0, z−2+n22 z4]}
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(144)
{
z1z2 + z
2
4 + z
n5
5 = 0
z1z5 + z
2
3 + z
n2
2 z4 = 0
n2 ≥ 2 and 3 ≤ n5 ≤ 2n2
(w1,w2,w3,w4,w5; 1, d) = (−2+n5+2n2n52(1+n2)n5 ,
2+n5
2(1+n2)n5 ,
2n2+n5+2n2n5
4(1+n2)n5 ,
1
2 ,
1
n5
; 1, 2n2+n5+2n2n52(1+n2)n5 )
µ = 3(−1 + n5) + 2n2(1 + n5)
mini = {[z−1+n55 , 0], [z3z−2+n55 , 0], [0, z−2+n22 zn55 ], [0, z−1+2n22 z−1+n55 ], [0, z2n22 z−2+n55 ], [0, z−1+n22 z4]}
(145)
{
z1z2 + z
2
4 + z3z
2
5 = 0
z1z4 + z
2
3 + z
6
2 + z2z
6
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (1114 , 314 , 914 , 12 , 528 ; 1, 97)
µ = 97
mini = {[z65, 0], [z4z25, 0], [z3, 0], [0, z145 ], [0, z22z105 ], [0, z42z85], [0, z4z65], [0, z32z4z45], [0, z52z45],
[0, z42z4z25], [0, z52z4]}
(146)
{
z1z2 + z
2
4 + z3z
3
5 = 0
z1z4 + z
2
3 + z
4
2 + z
9
5 = 0
(w1,w2,w3,w4,w5; 1, d) = ( 710 , 310 , 35 , 12 , 215 ; 1, 65 )
µ = 94
mini = {[z165 , 0], [z4z45, 0], [z3z5, 0], [0, z165 ], [0, z2z135 ], [0, z4z105 ], [0, z2z4z75], [0, z22z75], [0, z22z4z45],
[0, z32z45], [0, z32z4z5]}
(147)
{
z1z2 + z
2
4 + z3z
2
5 = 0
z1z4 + z
2
3 + z
2
2z4 + z2z
4
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (23 , 13 , 712 , 12 , 524 ; 1, 76)
µ = 50
mini = {[z65, 0], [z4z25, 0], [z3, 0], [0, z105 ], [0, z4z65], [0, z22z65], [0, z2z4z25], [0, z32z25], [0, z42]}
(148)
{
z1z2 + z
2
4 + z3z
3
5 = 0
z1z4 + z
2
3 + z
2
2z4 + z2z
6
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (23 , 13 , 712 , 12 , 536 ; 1, 76)
µ = 80
mini = {[z105 , 0], [z4z45, 0], [z3z5, 0], [0, z165 ], [0, z4z105 ], [0, z22z105 ], [0, z2z4z45], [0, z32z45], [0, z42z5]}
(149)
{
z1z2 + z
2
4 + z3z
4
5 = 0
z1z4 + z
2
3 + z
2
2z4 + z2z
8
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (23 , 13 , 712 , 12 , 548 ; 1, 76)
µ = 110
mini = {[z145 , 0], [z4z65, 0], [z3z25, 0], [0, z225 ], [0, z4z145 ], [0, z22z145 ], [0, z2z4z65], [0, z32z65], [0, z42z25]}
(150)
{
z1z2 + z
2
4 + z3z
n5
5 = 0
z1z5 + z
2
3 + z
n2
2 = 0
n2 ≥ 4 and 4 ≤ 2n5 ≤ n2
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(w1,w2,w3,w4,w5; 1, d) = ( −2+n2+2n2n5n2+2n5+2n2n5 ,
2(1+n5)
n2+2n5+2n2n5
,
n2(1+n5)
n2+2n5+2n2n5
, 12 ,
2+n2
n2+2n5+2n2n5
; 1, 2n2(1+n5)
n2+2n5+2n2n5
)
µ = −3 + 2n5 + n2(3 + 2n5)
mini = {[z2n55 , 0], [z3z−1+n55 , 0], [0, z−3+n22 z1+2n55 ], [0, z−2+n22 z2n55 ], [0, z−1+n22 z−1+n55 ], [0, z−2+n22 z4]}
(151)
{
z1z2 + z
2
4 + z3z
n5
5 = 0
z1z5 + z
2
3 + z
n2
2 z4 = 0
n2 ≥ 2 and 2 ≤ n5 ≤ n2
(w1,w2,w3,w4,w5; 1, d) = (−3+2n2+2n5+4n2n52(n2+2n5+2n2n5) ,
3+2n5
2(n2+2n5+2n2n5) ,
2n2+n5+2n2n5
2(n2+2n5+2n2n5) ,
1
2 ,
3+2n2
2(n2+2n5+2n2n5) ;
1, 2n2+n5+2n2n5
n2+2n5+2n2n5
)
µ = −3 + 4n5 + 4n2(1 + n5)
mini = {[z2n55 , 0], [z3z−1+n55 , 0], [0, z−3+n22 z1+2n55 ], [0, z−2+2n22 z2n55 ], [0, z−1+2n22 z−1+2n55 ],
[0, z2n22 z−2+n55 ], [0, z−1+n22 z4]}
(152)
{
z1z2 + z
3
4 + z
3
5 = 0
z1z4 + z
2
3 + z
n
2 = 0
n ≥ 3
(w1,w2,w3,w4,w5; 1, d) = (−1+3n3(1+n) , 43(1+n) , 2n3(1+n) , 13 , 13 ; 1, 4n3(1+n) )
µ = 7 + 9n
mini = {[z24z5, 0], [z3z4z5, 0], [0, z−2+n2 z45], [0, z−1+n2 z24z5]}
(153)
{
z1z2 + z
3
4 + z
4
5 = 0
z1z4 + z
2
3 + z
n
2 = 0
3 ≤ n ≤ 6
(w1,w2,w3,w4,w5; 1, d) = (−1+3n3(1+n) , 43(1+n) , 2n3(1+n) , 13 , 14 ; 1, 4n3(1+n) )
µ = 11 + 13n
mini = {[z24z25, 0], [z3z4z25, 0], [0, z−2+n2 z65], [0, z−1+n2 z24z25]}
(154)
{
z1z2 + z
3
4 + z
3
5 = 0
z1z4 + z
2
3 + z
n
2z5 = 0
n ≥ 2
(w1,w2,w3,w4,w5; 1, d) = ( n1+n , 11+n , 1+4n6(1+n) , 13 , 13 ; 1, 1+4n3(1+n) )
µ = 2(5 + 6n)
mini = {[z24z5, 0], [z3z4z5, 0], [0, z−2+n2 z45], [0, z−1+n2 z25], [0, z−1+n2 z24z5], [0, z−1+2n2 z24], [0, z2n2 z4]}
(155)
{
z1z2 + z
3
4 + z
4
5 = 0
z1z4 + z
2
3 + z
n
2z5 = 0
3 ≤ n ≤ 5
(w1,w2,w3,w4,w5; 1, d) = (−1+12n12(1+n) , 1312(1+n) , 3+16n24(1+n) , 13 , 14 ; 1, 3+16n12(1+n) )
µ = 2(7 + 8n)
mini = {[z24z25, 0], [z3z4z25, 0], [0, z−2+n2 z65], [0, z−1+n2 z35], [0, z−1+n2 z24z25], [0, z−1+2n2 z24], [0, z2n2 z4]}
(156)
{
z1z2 + z
3
4 + z
5
5 = 0
z1z4 + z
2
3 + z
3
2z5 = 0
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(w1,w2,w3,w4,w5; 1, d) = (4360 , 1760 , 2140 , 13 , 15 ; 1, 2120 )
µ = 78
mini = {[z24z45, 0], [z3z4z35, 0], [0, z2z95], [0, z22z24z45]}
(157)
{
z1z2 + z
3
4 + z
4
5 = 0
z1z5 + z
2
3 + z
n
2 = 0
4 ≤ n ≤ 13
(w1,w2,w3,w4,w5; 1, d) = (−1+4n4(1+n) , 54(1+n) , 5n8(1+n) , 13 , 14 ; 1, 5n4(1+n) )
µ = 11(1 + n)
mini = {[z4z35, 0], [z3z4z25, 0], [0, z−2+n2 z4z45], [0, z−1+n2 z4z35], [0, z−2+n2 z24]}
(158)
{
z1z2 + z
3
4 + z
5
5 = 0
z1z5 + z
2
3 + z
n
2 = 0
5 ≤ n ≤ 7
(w1,w2,w3,w4,w5; 1, d) = (−1+5n5(1+n) , 65(1+n) , 3n5(1+n) , 13 , 15 ; 1, 6n5(1+n) )
µ = 15 + 13n
mini = {[z4z45, 0], [z3z4z35, 0], [0, z−2+n2 z4z55], [0, z−1+n2 z4z45], [0, z−2+n2 z24]}
(159)
{
z1z2 + z
3
4 + z
4
5 = 0
z1z5 + z
2
3 + z
n
2z4 = 0
3 ≤ n ≤ 9
(w1,w2,w3,w4,w5; 1, d) = ( 1+12n12(1+n) , 1112(1+n) , 4+15n24(1+n) , 13 , 14 ; 1, 4+15n12(1+n) )
µ = 15(1 + n)
mini = {[z4z35, 0], [z3z4z25, 0], [0, z−2+n2 z4z45], [0, z−1+n2 z4z35], [0, z−1+2n2 z35], [0, z2n2 z25], [0, z−1+n2 z24]}
(160)
{
z1z2 + z
3
4 + z
5
5 = 0
z1z5 + z
2
3 + z
4
2z4 = 0
(w1,w2,w3,w4,w5; 1, d) = (6275 , 1375 , 77150 , 13 , 15 ; 1, 7775)
µ = 92
mini = {[z4z45, 0], [z3z4z35, 0], [0, z22z4z55], [0, z32z4z45], [0, z72z45], [0, z82z35], [0, z32z24]}
(161)
{
z1z2 + z
3
4 + z
5
5 = 0
z1z5 + z
2
3 + z
5
2z4 = 0
(w1,w2,w3,w4,w5; 1, d) = (7790 , 1390 , 1936 , 13 , 15 ; 1, 1918 )
µ = 110
mini = {[z4z45, 0], [z3z4z35, 0], [0, z32z4z55], [0, z92z45], [0, z42z4z35], [0, z102 z35], [0, z42z24]}
(162)
{
z1z2 + z
3
4 + z4z
3
5 = 0
z1z5 + z
2
3 + z
n
2 = 0
5 ≤ n ≤ 9
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(w1,w2,w3,w4,w5; 1, d) = (−2+9n9(1+n) , 119(1+n) , 11n18(1+n) , 13 , 29 ; 1, 11n9(1+n) )
µ = 13 + 12n
mini = {[z55, 0], [z3z45, 0], [z4z25, 0], [z3z4z5, 0], [0, z−2+n2 z65], [0, z−1+n2 z55], [0, z−2+n2 z4z35],
[0, z−1+n2 z4z25], [0, z−2+n2 z24]}
(163)
{
z1z2 + z
3
4 + z3z
2
5 = 0
z1z5 + z
2
3 + z
n
2 = 0
5 ≤ n ≤ 9
(w1,w2,w3,w4,w5; 1, d) = (−2+5n4+5n , 64+5n , 3n4+5n , 13 , 2+n4+5n ; 1, 6n4+5n)
µ = 3 + 13n
mini = {[z4z45, 0], [z3z4z5, 0], [0, z−3+n2 z4z55], [0, z−2+n2 z4z45], [0, z−1+n2 z4z5], [0, z−2+n2 z24]}
(164)
{
z1z2 + z
3
4 + z3z
2
5 = 0
z1z5 + z
2
3 + z
n
2z4 = 0
3 ≤ n ≤ 6
(w1,w2,w3,w4,w5; 1, d) = (−1+15n3(4+5n) , 133(4+5n) , 2+9n3(4+5n) , 13 , 5+3n3(4+5n) ; 1, 2(2+9n)3(4+5n) )
µ = 7 + 18n
mini = {[z4z45, 0], [z3z4z5, 0], [0, z−3+n2 z4z55], [0, z−2+n2 z4z45], [0, z−2+2n2 z45], [0, z−1+2n2 z35],
[0, z−1+n2 z4z5], [0, z−1+n2 z24], [0, z2n2 ]}
(165)
{
z1z2 + z
2
4z5 + z
4
5 = 0
z1z4 + z
2
3 + z
n
2 = 0
3 ≤ n ≤ 9
(w1,w2,w3,w4,w5; 1, d) = (−3+8n8(1+n) , 118(1+n) , 11n16(1+n) , 38 , 14 ; 1, 11n8(1+n) )
µ = 9 + 12n
mini = {[z4z35, 0], [z3z35, 0], [z3z4, 0], [0, z−2+n2 z65], [0, z−1+n2 z4z35], [0, z−2+n2 z24]}
(166)
{
z1z2 + z
2
4z5 + z
5
5 = 0
z1z4 + z
2
3 + z
n
2 = 0
3 ≤ n ≤ 5
(w1,w2,w3,w4,w5; 1, d) = (−2+5n5(1+n) , 75(1+n) , 7n10(1+n) , 25 , 15 ; 1, 7n5(1+n) )
µ = 11 + 15n
mini = {[z4z45, 0], [z3z45, 0], [z3z4, 0], [0, z−2+n2 z85], [0, z−1+n2 z4z45], [0, z−2+n2 z24]}
(167)
{
z1z2 + z
2
4z5 + z
6
5 = 0
z1z4 + z
2
3 + z
n
2 = 0
3 ≤ n ≤ 4
(w1,w2,w3,w4,w5; 1, d) = (−5+12n12(1+n) , 1712(1+n) , 17n24(1+n) , 512 , 16 ; 1, 17n12(1+n) )
µ = 13 + 18n
mini = {[z4z55, 0], [z3z55, 0], [z3z4, 0], [0, z−2+n2 z105 ], [0, z−1+n2 z4z55], [0, z−2+n2 z24]}
(168)
{
z1z2 + z
2
4z5 + z
n
5 = 0
z1z4 + z
2
3 + z
3
2 = 0
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7 ≤ n ≤ 10
(w1,w2,w3,w4,w5; 1, d) = (1+5n8n , −1+3n8n , 3(−1+3n)16n , −1+n2n , 1n ; 1, 3(−1+3n)8n )
µ = 1 + 11n
mini = {[z4z−1+n5 , 0], [z3z−1+n5 , 0], [z3z4, 0], [0, z2z−2+2n5 ], [0, z22z4z−1+n5 ], [0, z2z24]}
(169)
{
z1z2 + z
2
4z5 + z
5
5 = 0
z1z4 + z
2
3 + z
2
2z4 + z
2
2z
2
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (23 , 13 , 815 , 25 , 15 ; 1, 1615)
µ = 59
mini = {[z85, 0], [z4z45, 0], [z3z45, 0], [z3z4, 0], [0, z105 ], [0, z2z85], [0, z4z65], [0, z2z4z45], [0, z24z25],
[0, z2z24z5], [0, z22z5]}
(170)
{
z1z2 + z
2
4z5 + z
5
5 = 0
z1z4 + z
2
3 + z
3
2z4 + z
3
2z
2
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (34 , 14 , 2340 , 25 , 15 ; 1, 2320)
µ = 80
mini = {[z85, 0], [z4z45, 0], [z3z45, 0], [z3z4, 0], [0, z2z105 ], [0, z22z85], [0, z2z4z65], [0, z22z4z45], [0, z52z5],
[0, z22z24], [0, z62]}
(171)
{
z1z2 + z
2
4z5 + z
7
5 = 0
z1z4 + z
2
3 + z
2
2z4 + z
2
2z
3
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (23 , 13 , 2342 , 37 , 17 ; 1, 2321)
µ = 84
mini = {[z125 , 0], [z4z65, 0], [z3z65, 0], [z3z4, 0], [0, z155 ], [0, z2z125 ], [0, z4z95], [0, z2z4z65], [0, z24z35],
[0, z2z24z25], [0, z22z25]}
(172)
{
z1z2 + z
2
4z5 + z
5
5 = 0
z1z4 + z
2
3 + z
3
2z5 + z2z
2
4 = 0
(w1,w2,w3,w4,w5; 1, d) = ( 710 , 310 , 1120 , 25 , 15 ; 1, 1110 )
µ = 66
mini = {[z105 , 0], [z4z45, 0], [z3z45, 0], [z3z4, 0], [0, z105 ], [0, z4z75], [0, z2z75], [0, z24z45], [0, z2z4z45],
[0, z22z45], [0, z42]}
(173)
{
z1z2 + z
2
4z5 + z
4
5 = 0
z1z5 + z
2
3 + z
9
2 + z
3
4 = 0
(w1,w2,w3,w4,w5; 1, d) = (78 , 18 , 916 , 38 , 14 ; 1, 98)
µ = 93
mini = {[z3z35, 0], [z4z5, 0], [z34, 0], [z3z4, 0], [0, z82z45], [0, z72z4z25], [0, z82z4z5], [0, z172 ]}
(174)
{
z1z2 + z
2
4z5 + z3z
2
5 = 0
z1z4 + z
2
3 + z
4
2 + z
5
5 = 0
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(w1,w2,w3,w4,w5; 1, d) = (1318 , 518 , 59 , 718 , 29 ; 1, 109 )
µ = 64
mini = {[z95, 0], [z4z35, 0], [z3z5, 0], [z3z4, 0], [0, z95], [0, z2z75], [0, z4z65], [0, z2z4z45], [0, z22z45],
[0, z22z4z35], [0, z32z25], [0, z32z4z5], [0, z22z24]}
(175)
{
z1z2 + z
2
4z5 + z3z
2
5 = 0
z1z4 + z
2
3 + z
2
2z4 + z2z
3
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (23 , 13 , 1121 , 821 , 521 ; 1, 2221 )
µ = 49
mini = {[z4z65, 0], [z3z5, 0], [z3z4, 0], [0, z85], [0, z4z55], [0, z2z55], [0, z24z25], [0, z2z4z25], [0, z22z25],
[0, z2z24z5]}
(176)
{
z1z2 + z
2
4z5 + z3z
3
5 = 0
z1z4 + z
2
3 + z
2
2z4 + z2z
5
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (23 , 13 , 611 , 1433 , 533 ; 1, 1211 )
µ = 79
mini = {[z4z105 , 0], [z3z25, 0], [z3z4, 0], [0, z145 ], [0, z4z95], [0, z2z95], [0, z24z45], [0, z2z4z45], [0, z22z45],
[0, z2z24z25]}
(177)
{
z1z2 + z3z4 + z
2
5 = 0
z1z3 + z
n
2 + z
3
4 = 0
n ≥ 3
(w1,w2,w3,w4,w5; 1, d) = (−3+4n3+4n , 63+4n , 3+2n3+4n , 2n3+4n , 12 ; 1, 6n3+4n)
µ = −2 + 8n
mini = {[z24, 0], [0, z−2+n2 z4z25], [0, z−1+n2 z24], [0, z−2+n2 z3]}
(178)
{
z1z2 + z3z4 + z
2
5 = 0
z1z3 + z
n
2 + z
4
4 = 0
4 ≤ n ≤ 11
(w1,w2,w3,w4,w5; 1, d) = (−4+5n4+5n , 84+5n , 4+3n4+5n , 2n4+5n , 12 ; 1, 8n4+5n)
µ = −3 + 11n
mini = {[z34, 0], [0, z−2+n2 z24z25], [0, z−1+n2 z34], [0, z−2+n2 z3]}
(179)
{
z1z2 + z3z4 + z
2
5 = 0
z1z3 + z
n
2 + z
5
4 = 0
5 ≤ n ≤ 7
(w1,w2,w3,w4,w5; 1, d) = (−5+6n5+6n , 105+6n , 5+4n5+6n , 2n5+6n , 12 ; 1, 10n5+6n)
µ = −4 + 14n
mini = {[z44, 0], [0, z−2+n2 z34z25], [0, z−1+n2 z44], [0, z−2+n2 z3]}
(180)
{
z1z2 + z3z4 + z
3
5 = 0
z1z3 + z
n
2 + z
3
4 = 0
3 ≤ n ≤ 5
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(w1,w2,w3,w4,w5; 1, d) = (−3+4n3+4n , 63+4n , 3+2n3+4n , 2n3+4n , 13 ; 1, 6n3+4n)
µ = −2 + 14n
mini = {[z24z5, 0], [0, z−2+n2 z4z45], [0, z−1+n2 z24z5], [0, z−2+n2 z3z5]}
(181)
{
z1z2 + z3z4 + z
4
5 = 0
z1z3 + z
3
2 + z
3
4 = 0
(w1,w2,w3,w4,w5; 1, d) = (35 , 25 , 35 , 25 , 14 ; 1, 65)
µ = 58
mini = {[z24z25, 0], [0, z2z4z65], [0, z22z24z25], [0, z2z3z25]}
(182)
{
z1z2 + z3z4 = 0
z1z3 + z
n
2 + z
n
4 + z
2
5 = 0
n ≥ 3
(w1,w2,w3,w4,w5; 1, d) = ( n2+n , 22+n , n2+n , 22+n , n2+n ; 1, 2n2+n )
µ = (1 + n)2
mini = {[z5, 0], [zn4, 0], [0, z−1+n2 z−1+n4 ], [0, z−2+n2 z3]}
(183)
{
z1z2 + z3z4 = 0
z1z3 + z
n
2 + z
3
4 + z
3
5 = 0
n ≥ 3
(w1,w2,w3,w4,w5; 1, d) = (−3+4n3+4n , 63+4n , 3+2n3+4n , 2n3+4n , 2n3+4n ; 1, 6n3+4n )
µ = 7 + 8n
mini = {[z25, 0], [z24z5, 0], [0, z−1+n2 z24z5], [0, z−1+n2 z3z5]}
(184)
{
z1z2 + z3z4 = 0
z1z3 + z
n
2 + z
4
4 + z
3
5 = 0
4 ≤ n ≤ 11
(w1,w2,w3,w4,w5; 1, d) = (−4+5n4+5n , 84+5n , 4+3n4+5n , 2n4+5n , 8n3(4+5n) ; 1, 8n4+5n )
µ = 9 + 10n
mini = {[z25, 0], [z34z5, 0], [0, z−1+n2 z34z5], [0, z−1+n2 z3z5]}
(185)
{
z1z2 + z3z4 = 0
z1z3 + z
n
2 + z
5
4 + z
3
5 = 0
5 ≤ n ≤ 7
(w1,w2,w3,w4,w5; 1, d) = (−5+6n5+6n , 105+6n , 5+4n5+6n , 2n5+6n , 10n3(5+6n) ; 1, 10n5+6n )
µ = 11 + 12n
mini = {[z25, 0], [z44z5, 0], [0, z−1+n2 z44z5], [0, z−1+n2 z3z5]}
(186)
{
z1z2 + z3z4 = 0
z1z3 + z
n
2 + z
3
4 + z
4
5 = 0
3 ≤ n ≤ 5
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(w1,w2,w3,w4,w5; 1, d) = (−3+4n3+4n , 63+4n , 3+2n3+4n , 2n3+4n , 3n2(3+4n) ; 1, 6n3+4n )
µ = 2(5 + 6n)
mini = {[z35, 0], [z24z25, 0], [0, z−1+n2 z24z25], [0, z−1+n2 z3z25]}
(187)
{
z1z2 + z3z4 = 0
z1z3 + z
3
2 + z
3
4 + z
5
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (35 , 25 , 35 , 25 , 625 ; 1, 65)
µ = 61
mini = {[z85, 0], [z24z35, 0], [0, z22z24z35], [0, z2z3z35]}
(188)
{
z1z2 + z3z4 + z
2
5 = 0
z1z3 + z
n
2 + z
2
4z5 = 0
n ≥ 4
(w1,w2,w3,w4,w5; 1, d) = ( −5+6n2(2+3n) , 92(2+3n) , 5+3n2(2+3n) , −1+3n2(2+3n) , 12 ; 1, 9n2(2+3n) )
µ = 1 + 8n
mini = {[z24, 0], [0, z−2+n2 z25], [0, z−1+n2 z4z5], [0, z−1+n2 z34], [0, z−2+n2 z3]}
(189)
{
z1z2 + z3z4 + z
2
5 = 0
z1z3 + z
n
2 + z
3
4z5 = 0
5 ≤ n ≤ 8
(w1,w2,w3,w4,w5; 1, d) = ( −7+8n2(3+4n) , 132(3+4n) , 7+5n2(3+4n) , −1+3n2(3+4n) , 12 ; 1, 13n2(3+4n) )
µ = 1 + 12n
mini = {[z34, 0], [0, z−2+n2 z4z25], [0, z−1+n2 z24z5], [0, z−1+n2 z54], [0, z−2+n2 z3]}
(190)
{
z1z2 + z3z4 + z
3
5 = 0
z1z3 + z
n
2 + z
2
4z5 = 0
3 ≤ n ≤ 7
(w1,w2,w3,w4,w5; 1, d) = ( −7+9n3(2+3n) , 133(2+3n) , 7+4n3(2+3n) , −1+5n3(2+3n) , 13 ; 1, 13n3(2+3n) )
µ = 1 + 12n
mini = {[z4z25, 0], [z24, 0], [0, z−2+n2 z55], [0, z−1+n2 z4z25], [0, z−2+n2 z3z25]}
(191)
{
z1z2 + z3z4 + z
4
5 = 0
z1z3 + z
n
2 + z
2
4z5 = 0
3 ≤ n ≤ 4
(w1,w2,w3,w4,w5; 1, d) = (3(−3+4n)4(2+3n) , 174(2+3n) , 9+5n4(2+3n) , −1+7n4(2+3n) , 14 ; 1, 17n4(2+3n) )
µ = 1 + 16n
mini = {[z4z35, 0], [z24, 0], [0, z−2+n2 z75], [0, z−1+n2 z4z35], [0, z−2+n2 z3z35]}
(192)
{
z1z2 + z3z4 + z
n
5 = 0
z1z3 + z
3
2 + z
2
4z5 = 0
5 ≤ n ≤ 7
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(w1,w2,w3,w4,w5; 1, d) = (−1+7n11n , 1+4n11n , 4+5n11n , 2(−2+3n)11n , 1n ; 1, 3(1+4n)11n )
µ = 1 + 12n
mini = {[z4z−1+n5 , 0], [z24, 0], [0, z2z−1+2n5 ], [0, z22z4z−1+n5 ], [0, z2z3z−1+n5 ]}
(193)
{
z1z2 + z3z4 = 0
z1z3 + z
n
2 + z
3
4z5 + z
3
5 = 0
5 ≤ n ≤ 8
(w1,w2,w3,w4,w5; 1, d) = (−9+11n9+11n , 189+11n , 9+7n9+11n , 4n9+11n , 6n9+11n ; 1, 18n9+11n )
µ = 10 + 11n
mini = {[z25, 0], [z24z5, 0], [z54, 0], [0, z−1+n2 z24z5], [0, z−1+n2 z3z5], [0, z−1+n2 z54]}
(194)
{
z1z2 + z3z4 = 0
z1z3 + z
n
2 + z
2
4z5 + z
4
5 = 0
3 ≤ n ≤ 7
(w1,w2,w3,w4,w5; 1, d) = (−8+11n8+11n , 168+11n , 8+5n8+11n , 6n8+11n , 4n8+11n ; 1, 16n8+11n )
µ = 9 + 11n
mini = {[z4z35, 0], [z24, 0], [0, z−1+n2 z4z35], [0, z−1+n2 z3z25]}
(195)
{
z1z2 + z3z4 = 0
z1z3 + z
n
2 + z
2
4z5 + z
5
5 = 0
3 ≤ n ≤ 4
(w1,w2,w3,w4,w5; 1, d) = (−5+7n5+7n , 105+7n , 5+3n5+7n , 4n5+7n , 2n5+7n ; 1, 10n5+7n )
µ = 11 + 14n
mini = {[z4z45, 0], [z24, 0], [0, z−1+n2 z4z45], [0, z−1+n2 z3z35]}
(196)
{
z1z2 + z3z4 = 0
z1z3 + z
3
2 + z
2
4z5 + z
n
5 = 0
6 ≤ n ≤ 8
(w1,w2,w3,w4,w5; 1, d) = ( −3+7n−3+11n , 4n−3+11n , 3+5n−3+11n , 6(−1+n)−3+11n , 12−3+11n ; 1, 12n−3+11n )
µ = −2 + 11n
mini = {[z−2+2n5 , 0], [z4z−1+n5 , 0], [z24, 0], [0, z22z4z−1+n5 ], [0, z2z3z−2+n5 ]}
(197)
{
z1z2 + z3z4 = 0
z1z3 + z
n
2 + z1z
2
4 + z
3
5 = 0
5 ≤ n ≤ 8
(w1,w2,w3,w4,w5; 1, d) = (−2+3n3(1+n) , 53(1+n) , 23 , 13 , 5n9(1+n) ; 1, 5n3(1+n) )
µ = 1 + 12n
mini = {[z25, 0], [z24z5, 0], [0, z−2+n2 z44z5], [0, z−1+n2 z24z5], [0, z−2+n2 z3z5]}
(198)
{
z1z2 + z3z4 + z
2
5 = 0
z1z3 + z
n
2z5 + z
3
4 = 0
n ≥ 2
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(w1,w2,w3,w4,w5; 1, d) = (−1+4n3+4n , 43+4n , 5+4n2(3+4n) , 1+4n2(3+4n) , 12 ; 1, 3(1+4n)2(3+4n) )
µ = 1 + 12n
mini = {[z24, 0], [0, z−2+n2 z4z25], [0, z−1+n2 z4z5], [0, z−1+2n2 z24], [0, z−1+2n2 z3]}
(199)
{
z1z2 + z3z4 + z
2
5 = 0
z1z3 + z
n
2z5 + z
4
4 = 0
3 ≤ n ≤ 7
(w1,w2,w3,w4,w5; 1, d) = (−3+10n2(4+5n) , 112(4+5n) , 7+6n2(4+5n) , 1+4n2(4+5n) , 12 ; 1, 2(1+4n)4+5n )
µ = 1 + 16n
mini = {[z34, 0], [0, z−2+n2 z24z25], [0, z−1+n2 z24z5], [0, z−1+2n2 z34], [0, z−1+2n2 z3]}
(200)
{
z1z2 + z3z4 + z
2
5 = 0
z1z3 + z
4
2z5 + z
5
4 = 0
(w1,w2,w3,w4,w5; 1, d) = (2229 , 729 , 4158 , 1758 , 12 ; 1, 8558)
µ = 81
mini = {[z44, 0], [0, z22z34z25], [0, z32z44z5], [0, z72z44], [0, z32z3]}
(201)
{
z1z2 + z3z4 + z
3
5 = 0
z1z3 + z
n
2z5 + z
3
4 = 0
3 ≤ n ≤ 4
(w1,w2,w3,w4,w5; 1, d) = (−5+12n3(3+4n) , 143(3+4n) , 2(4+3n)3(3+4n) , 1+6n3(3+4n) , 13 ; 1, 1+6n3+4n )
µ = 1 + 18n
mini = {[z24z5, 0], [0, z−2+n2 z4z45], [0, z−1+n2 z4z25], [0, z−1+n2 z24z5], [0, z−2+n2 z3z5], [0, z−1+2n2 z24],
[0, z−1+2n2 z3]}
(202)
{
z1z2 + z3z4 = 0
z1z3 + z
n
2z5 + z
3
4 + z
3
5 = 0
n ≥ 2
(w1,w2,w3,w4,w5; 1, d) = (−1+2n1+2n , 21+2n , 1+n1+2n , n1+2n , n1+2n ; 1, 3n1+2n )
µ = 7 + 12n
mini = {[z25, 0], [z24z5, 0], [0, z−1+n2 z24z5], [0, z−1+n2 z3z5], [0, z−1+2n2 z24], [0, z−1+2n2 z3]}
(203)
{
z1z2 + z3z4 = 0
z1z3 + z
n
2z5 + z
4
4 + z
3
5 = 0
3 ≤ n ≤ 7
(w1,w2,w3,w4,w5; 1, d) = (−8+15n8+15n , 168+15n , 8+9n8+15n , 6n8+15n , 8n8+15n ; 1, 24n8+15n )
µ = 9 + 15n
mini = {[z25, 0], [z34z5, 0], [0, z−1+n2 z34z5], [0, z−1+n2 z3z5], [0, z−1+2n2 z34], [0, z−1+2n2 z3]}
(204)
{
z1z2 + z3z4 = 0
z1z3 + z
4
2z5 + z
5
4 + z
3
5 = 0
46 BINGYI CHEN, DAN XIE, SHING-TUNG YAU, STEPHEN S.-T. YAU, AND HUAIQING ZUO
(w1,w2,w3,w4,w5; 1, d) = (3141 , 1041 , 2941 , 1241 , 2041 ; 1, 6041)
µ = 83
mini = {[z25, 0], [z44z5, 0], [0, z32z44z5], [0, z32z3z5], [0, z72z44], [0, z72z3]}
(205)
{
z1z2 + z3z4 = 0
z1z3 + z
n
2z5 + z
3
4 + z
4
5 = 0
3 ≤ n ≤ 4
(w1,w2,w3,w4,w5; 1, d) = (−9+16n9+16n , 189+16n , 9+8n9+16n , 8n9+16n , 6n9+16n ; 1, 24n9+16n )
µ = 2(5 + 8n)
mini = {[z35, 0], [z24z25, 0], [0, z−1+n2 z24z25], [0, z−1+n2 z3z25], [0, z−1+2n2 z24], [0, z−1+2n2 z3]}
(206)
{
z1z2 + z3z4 = 0
z1z3 + z
3
2z5 + z1z
2
4 + z
3
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (2333 , 1033 , 23 , 13 , 511 ; 1, 1511 )
µ = 55
mini = {[z25, 0], [z24z5, 0], [0, z2z44z5], [0, z22z24z5], [0, z2z3z5], [0, z42z44], [0, z52z24], [0, z42z3]}
(207)
{
z1z2 + z3z4 = 0
z1z3 + z
5
2z5 + z1z
2
4 + z
3
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (4151 , 1051 , 23 , 13 , 2551 ; 1, 2517 )
µ = 91
mini = {[z25, 0], [z24z5, 0], [0, z32z44z5], [0, z42z24z5], [0, z32z3z5], [0, z82z44], [0, z92z24], [0, z82z3]}
(208)
{
z1z2 + z3z4 + z
2
5 = 0
z1z3 + z
2n
2 z3 + z
3
4 + z
n
2z4z5 = 0
n ≥ 1
(w1,w2,w3,w4,w5; 1, d) = ( 2n1+2n , 11+2n , 3+4n4(1+2n) , 1+4n4(1+2n) , 12 ; 1, 3(1+4n)4(1+2n) )
µ = 4 + 24n
mini = {[z24, 0], [0, z−2+n2 z4z25], [0, z−1+2n2 z25], [0, z−1+n2 z4z5], [0, z−1+4n2 z5], [0, z−1+2n2 z24],
[0, z4n2 z4], [0, z−1+4n2 z3], [0, z6n2 ]}
(209)
{
z1z2 + z3z4 = 0
z1z3 + z
n
2z3 + z
3
4 + z
3
5 = 0
n ≥ 2
(w1,w2,w3,w4,w5; 1, d) = ( n1+n , 11+n , 3+2n4(1+n) , 1+2n4(1+n) , 1+2n4(1+n) ; 1, 3(1+2n)4(1+n) )
µ = 13 + 12n
mini = {[z25, 0], [z24z5, 0], [0, zn2z24z5], [0, z2n2 z4z5], [0, z−1+n2 z3z5]}
(210)
{
z1z2 + z3z4 = 0
z1z3 + z
n
2z3 + z
4
4 + z
3
5 = 0
2 ≤ n ≤ 6
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(w1,w2,w3,w4,w5; 1, d) = ( n1+n , 11+n , 4+3n5(1+n) , 1+2n5(1+n) , 4(1+2n)15(1+n) ; 1, 4(1+2n)5(1+n) )
µ = 17 + 16n
mini = {[z25, 0], [z34z5, 0], [0, zn2z34z5], [0, z2n2 z24z5], [0, z−1+n2 z3z5]}
(211)
{
z1z2 + z3z4 = 0
z1z3 + z
3
2z3 + z
5
4 + z
3
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (34 , 14 , 1724 , 724 , 3572 ; 1, 3524 )
µ = 81
mini = {[z25, 0], [z44z5, 0], [0, z32z44z5], [0, z62z34z5], [0, z22z3z5]}
(212)
{
z1z2 + z3z4 = 0
z1z3 + z
n
2z3 + z
3
4 + z
4
5 = 0
2 ≤ n ≤ 3
(w1,w2,w3,w4,w5; 1, d) = ( n1+n , 11+n , 3+2n4(1+n) , 1+2n4(1+n) , 3(1+2n)16(1+n) ; 1, 3(1+2n)4(1+n) )
µ = 19 + 18n
mini = {[z35, 0], [z24z25, 0], [0, zn2z24z25], [0, z2n2 z4z25], [0, z−1+n2 z3z25]}
(213)
{
z1z2 + z3z4 = 0
z1z3 + z
n
2z3 + z
3
4z5 + z
3
5 = 0
3 ≤ n ≤ 4
(w1,w2,w3,w4,w5; 1, d) = ( n1+n , 11+n , 9+7n11(1+n) , 2(1+2n)11(1+n) , 3(1+2n)11(1+n) ; 1, 9(1+2n)11(1+n) )
µ = 19 + 18n
mini = {[z25, 0], [z24z5, 0], [z54, 0], [0, zn2z24z5], [0, z2n2 z4z5], [0, z−1+n2 z3z5], [0, zn2z54], [0, z2n2 z44]}
(214)
{
z1z2 + z3z4 = 0
z1z3 + z
n
2z3 + z
2
4z5 + z
4
5 = 0
2 ≤ n ≤ 4
(w1,w2,w3,w4,w5; 1, d) = ( n1+n , 11+n , 8+5n11(1+n) , 3(1+2n)11(1+n) , 2(1+2n)11(1+n) ; 1, 8(1+2n)11(1+n) )
µ = 17 + 16n
mini = {[z4z35, 0], [z24, 0], [0, zn2z4z35], [0, z2n2 z35], [0, z−1+n2 z3z25], [0, z2n2 z4]}
(215)
{
z1z2 + z3z4 = 0
z1z3 + z
2
2z3 + z
2
4z5 + z
5
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (23 , 13 , 1121 , 1021 , 521 ; 1, 2521 )
µ = 61
mini = {[z85, 0], [z4z45, 0], [z24, 0], [0, z2z4z45], [0, z2z3z45], [0, z42z45], [0, z22z4]}
(216)
{
z1z2 + z3z4 = 0
z1z3 + z
2
2z3 + z
2
4z5 + z
6
5 = 0
(w1,w2,w3,w4,w5; 1, d) = (23 , 13 , 2651 , 2551 , 1051 ; 1, 2017 )
µ = 73
mini = {[z105 , 0], [z4z55, 0], [z24, 0], [0, z2z4z55], [0, z2z3z55], [0, z42z55], [0, z22z4]}
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(217)
{
z1z2 + z3z4 = 0
z1z3 + 2z32z3 + 3z1z24 + 4z35 + z
3
2z
2
4 = 0
(w1,w2,w3,w4,w5; 1, d) = (34 , 14 , 23 , 13 , 1736 ; 1, 1712)
µ = 69
mini = {[z25, 0], [z24z5, 0], [0, z2z44z5], [0, z22z34z5], [0, z52z24z5], [0, z62z4z5], [0, z22z3z5], [0, z92z5]}
(218)
{
z1z2 + z3z4 = 0
z1z3 + 2z42z3 + 3z1z24 + 4z35 + z
4
2z
2
4 = 0
(w1,w2,w3,w4,w5; 1, d) = (45 , 15 , 23 , 13 , 2245 ; 1, 2215)
µ = 89
mini = {[z25, 0], [z24z5, 0], [0, z22z44z5], [0, z32z34z5], [0, z72z24z5], [0, z82z4z5], [0, z32z3z5], [0, z122 z5]}
(219)
{
z1z2 + z3z4 = 0
z1z3 + z
4
2z4 + z1z
2
4 + z
3
5 + z2z3z5 = 0
(w1,w2,w3,w4,w5; 1, d) = (1115 , 415 , 23 , 13 , 715 ; 1, 75 )
µ = 64
mini = {[z25, 0], [z24z5, 0], [0, z42z25], [0, z34z5], [0, z32z24z5], [0, z42z4z5], [0, z3z5], [0, z72z5],
[0, z2z44], [0, z32z34], [0, z62z24], [0, z72z4], [0, z102 ]}
(220)
{
z1z2 + z3z4 + z
n
5 = 0
z1z4 + z2z3 + z1z5 + z
n
2 + z
n
4 = 0
n ≥ 3
(w1,w2,w3,w4,w5; 1, d) = (−1+nn , 1n , −1+nn , 1n , 1n ; 1, 1)
µ = 1 + 2n2
mini = {[z4z−6+n5 , 0], [z3z−7+n5 , 0], [0, z22z−11+2n5 ], [0, z32z4z−6+n5 ]}
(221)
{
z1z2 + z3z4 + z
2
5 = 0
z1z4 + z
2
3 + z
n
2 = 0
n ≥ 3
(w1,w2,w3,w4,w5; 1, d) = (−2+3n2+3n , 42+3n , 2n2+3n , 2+n2+3n , 12 ; 1, 4n2+3n)
µ = −1 + 5n
mini = {[z4, 0], [z3, 0], [0, z−2+n2 z25], [0, z−2+n2 z24], [0, z−1+n2 ]}
(222)
{
z1z2 + z3z4 + z
3
5 = 0
z1z4 + z
2
3 + z
n
2 = 0
n ≥ 3
(w1,w2,w3,w4,w5; 1, d) = (−2+3n2+3n , 42+3n , 2n2+3n , 2+n2+3n , 13 ; 1, 4n2+3n)
µ = −1 + 9n
mini = {[z4z5, 0], [z3z5, 0], [0, z−2+n2 z45], [0, z−2+n2 z24z5], [0, z−1+n2 z5]}
(223)
{
z1z2 + z3z4 + z
4
5 = 0
z1z4 + z
2
3 + z
n
2 = 0
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3 ≤ n ≤ 9
(w1,w2,w3,w4,w5; 1, d) = (−2+3n2+3n , 42+3n , 2n2+3n , 2+n2+3n , 14 ; 1, 4n2+3n)
µ = −1 + 13n
mini = {[z4z25, 0], [z3z25, 0], [0, z−2+n2 z65], [0, z−2+n2 z24z25], [0, z−1+n2 z25]}
(224)
{
z1z2 + z3z4 + z
5
5 = 0
z1z4 + z
2
3 + z
n
2 = 0
3 ≤ n ≤ 5
(w1,w2,w3,w4,w5; 1, d) = (−2+3n2+3n , 42+3n , 2n2+3n , 2+n2+3n , 15 ; 1, 4n2+3n)
µ = −1 + 17n
mini = {[z4z35, 0], [z3z35, 0], [0, z−2+n2 z85], [0, z−2+n2 z24z35], [0, z−1+n2 z35]}
(225)
{
z1z2 + z3z4 + z
6
5 = 0
z1z4 + z
2
3 + z
n
2 = 0
3 ≤ n ≤ 4
(w1,w2,w3,w4,w5; 1, d) = (−2+3n2+3n , 42+3n , 2n2+3n , 2+n2+3n , 16 ; 1, 4n2+3n)
µ = −1 + 21n
mini = {[z4z45, 0], [z3z45, 0], [0, z−2+n2 z105 ], [0, z−2+n2 z24z45], [0, z−1+n2 z45]}
(226)
{
z1z2 + z3z4 + z
n
5 = 0
z1z4 + z
2
3 + z
3
2 = 0
7 ≤ n ≤ 10
(w1,w2,w3,w4,w5; 1, d) = ( 711 , 411 , 611 , 511 , 1n ; 1, 1211)
µ = 2(−5 + 6n)
mini = {[z4z−2+n5 , 0], [z3z−2+n5 , 0], [0, z2z−2+2n5 ], [0, z2z24z−2+n5 ], [0, z22z−2+n5 ]}
(227)
{
z1z2 + z3z4 = 0
z1z4 + z
2
3 + z
n
2 + z
2
5 = 0
n ≥ 3
(w1,w2,w3,w4,w5; 1, d) = (−2+3n2+3n , 42+3n , 2n2+3n , 2+n2+3n , 2n2+3n ; 1, 4n2+3n )
µ = 3(1 + n)
mini = {[z5, 0], [z4, 0], [z3, 0], [0, z−2+n2 z24], [0, z−1+n2 z4]}
(228)
{
z1z2 + z3z4 = 0
z1z4 + z
2
3 + z
n
2 + z
3
5 = 0
n ≥ 3
(w1,w2,w3,w4,w5; 1, d) = (−2+3n2+3n , 42+3n , 2n2+3n , 2+n2+3n , 4n3(2+3n) ; 1, 4n2+3n )
µ = 5 + 6n
mini = {[z25, 0], [z4z5, 0], [z3z5, 0], [0, z−2+n2 z24z5], [0, z−1+n2 z4z5]}
(229)
{
z1z2 + z3z4 = 0
z1z4 + z
2
3 + z
n
2 + z
4
5 = 0
n ≥ 3
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(w1,w2,w3,w4,w5; 1, d) = (−2+3n2+3n , 42+3n , 2n2+3n , 2+n2+3n , n2+3n ; 1, 4n2+3n )
µ = 7 + 9n
mini = {[z35, 0], [z4z25, 0], [z3z25, 0], [0, z−2+n2 z24z25], [0, z−1+n2 z4z25]}
(230)
{
z1z2 + z3z4 = 0
z1z4 + z
2
3 + z
n
2 + z
5
5 = 0
3 ≤ n ≤ 9
(w1,w2,w3,w4,w5; 1, d) = (−2+3n2+3n , 42+3n , 2n2+3n , 2+n2+3n , 4n5(2+3n) ; 1, 4n2+3n )
µ = 9 + 12n
mini = {[z45, 0], [z4z35, 0], [z3z35, 0], [0, z−2+n2 z24z35], [0, z−1+n2 z4z35]}
(231)
{
z1z2 + z3z4 = 0
z1z4 + z
2
3 + z
n
2 + z
6
5 = 0
3 ≤ n ≤ 5
(w1,w2,w3,w4,w5; 1, d) = (−2+3n2+3n , 42+3n , 2n2+3n , 2+n2+3n , 2n3(2+3n) ; 1, 4n2+3n )
µ = 11 + 15n
mini = {[z55, 0], [z4z45, 0], [z3z45, 0], [0, z−2+n2 z24z45], [0, z−1+n2 z4z45]}
(232)
{
z1z2 + z3z4 = 0
z1z4 + z
2
3 + z
n
2 + z
7
5 = 0
3 ≤ n ≤ 4
(w1,w2,w3,w4,w5; 1, d) = (−2+3n2+3n , 42+3n , 2n2+3n , 2+n2+3n , 4n7(2+3n) ; 1, 4n2+3n )
µ = 13 + 18n
mini = {[z65, 0], [z4z55, 0], [z3z55, 0], [0, z−2+n2 z24z55], [0, z−1+n2 z4z55]}
(233)
{
z1z2 + z3z4 = 0
z1z4 + z
2
3 + z
3
2 + z
n
5 = 0
8 ≤ n ≤ 11
(w1,w2,w3,w4,w5; 1, d) = ( 711 , 411 , 611 , 511 , 1211n ; 1, 1211)
µ = −10 + 11n
mini = {[z−2+2n5 , 0], [z4z−2+n5 , 0], [z3z−2+n5 , 0], [0, z2z24z−2+n5 ], [0, z22z−2+n5 ]}
(234)
{
z1z2 + z3z4 + z
n5
5 = 0
z1z4 + z3z5 + z
n2
2 = 0
n2 ≥ 3 and 2 ≤ n5 ≤ n2
(w1,w2,w3,w4,w5; 1, d) = (−1−n5+2n2n5(1+2n2)n5 ,
1+2n5
(1+2n2)n5 ,
−1−n2+2n2n5
(1+2n2)n5 ,
1+n2+n5
(1+2n2)n5 ,
1
n5
; 1, n2+2n2n5(1+2n2)n5 )
µ = 1 + 2n2n5
mini = {[z−1+n55 , 0], [z3, 0], [0, z−2+n22 z4z−1+n55 ], [0, z−1+n22 z−1+n55 ]}
(235)
{
z1z2 + z3z4 = 0
z1z4 + z3z5 + z
n2
2 + z
n5
5 = 0
n2 ≥ 3 and 3 ≤ n5 ≤ n2
(w1,w2,w3,w4,w5; 1, d) = (−n2−n5+2n2n5−n2+n5+2n2n5 ,
2n5
−n2+n5+2n2n5
,
2n2(−1+n5)
−n2+n5+2n2n5
,
n2+n5
−n2+n5+2n2n5
, 2n2
−n2+n5+2n2n5
;
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1, 2n2n5
−n2+n5+2n2n5
)
µ = 1 + n5 + n2(−1 + 2n5)
mini = {[z−1+n55 , 0], [z3, 0], [0, z−1+n22 z−1+n55 ], [0, z−1+n22 z4z−2+n55 ]}
(236)
{
z1z2 + z3z4 + z
2
5 = 0
z1z4 + z
2
3 + z
n
2z5 = 0
n ≥ 2
(w1,w2,w3,w4,w5; 1, d) = ( −1+6n2(2+3n) , 52(2+3n) , 1+4n2(2+3n) , 3+2n2(2+3n) , 12 ; 1, 1+4n2+3n )
µ = 1 + 8n
mini = {[z4, 0], [z3, 0], [0, z−2+n2 z25], [0, z−1+n2 z5], [0, z−2+2n2 z24], [0, z−1+2n2 z4]}
(237)
{
z1z2 + z3z4 + z
3
5 = 0
z1z4 + z
2
3 + z
n
2z5 = 0
n ≥ 2
(w1,w2,w3,w4,w5; 1, d) = (−1+3n2+3n , 32+3n , 1+6n3(2+3n) , 5+3n3(2+3n) , 13 ; 1, 2(1+6n)3(2+3n) )
µ = 1 + 12n
mini = {[z4z5, 0], [z3z5, 0], [0, z−2+n2 z45], [0, z−1+n2 z25], [0, z−2+n2 z24z5], [0, z−2+2n2 z24], [0, z−1+2n2 z4]}
(238)
{
z1z2 + z3z4 + z
4
5 = 0
z1z4 + z
2
3 + z
n
2z5 = 0
2 ≤ n ≤ 7
(w1,w2,w3,w4,w5; 1, d) = (−5+12n4(2+3n) , 134(2+3n) , 1+8n4(2+3n) , 7+4n4(2+3n) , 14 ; 1, 1+8n2(2+3n) )
µ = 1 + 16n
mini = {[z4z25, 0], [z3z25, 0], [0, z−2+n2 z65], [0, z−1+n2 z35], [0, z−2+n2 z24z25], [0, z−2+2n2 z24], [0, z−1+2n2 z4]}
(239)
{
z1z2 + z3z4 + z
5
5 = 0
z1z4 + z
2
3 + z
n
2z5 = 0
2 ≤ n ≤ 4
(w1,w2,w3,w4,w5; 1, d) = (−7+15n5(2+3n) , 175(2+3n) , 1+10n5(2+3n) , 9+5n5(2+3n) , 15 ; 1, 2(1+10n)5(2+3n) )
µ = 1 + 20n
mini = {[z4z35, 0], [z3z35, 0], [0, z−2+n2 z85], [0, z−1+n2 z45], [0, z−2+n2 z24z35], [0, z−2+2n2 z24], [0, z−1+2n2 z4]}
(240)
{
z1z2 + z3z4 + z
6
5 = 0
z1z4 + z
2
3 + z
n
2z5 = 0
2 ≤ n ≤ 3
(w1,w2,w3,w4,w5; 1, d) = (3(−1+2n)2(2+3n) , 72(2+3n) , 1+12n6(2+3n) , 11+6n6(2+3n) , 16 ; 1, 1+12n3(2+3n) )
µ = 1 + 24n
mini = {[z4z−5+n5 , 0], [z3z−6+n5 , 0], [0, z32z−9+2n5 ], [0, z42z4z−5+n5 ]}
(241)
{
z1z2 + z3z4 + z
7
5 = 0
z1z4 + z
2
3 + z
n
2z5 = 0
2 ≤ n ≤ 3
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(w1,w2,w3,w4,w5; 1, d) = (−11+21n7(2+3n) , 257(2+3n) , 1+14n7(2+3n) , 13+7n7(2+3n) , 17 ; 1, 2(1+14n)7(2+3n) )
µ = 1 + 28n
mini = {[z4z55, 0], [z3z55, 0], [0, z−2+n2 z135 ], [0, z−1+n2 z65], [0, z−2+n2 z24z55], [0, z−1+n2 z24], [0, z−1+2n2 z4]}
(242)
{
z1z2 + z3z4 + z
8
5 = 0
z1z4 + z
2
3 + z
n
2z5 = 0
2 ≤ n ≤ 3
(w1,w2,w3,w4,w5; 1, d) = (−13+24n8(2+3n) , 298(2+3n) , 1+16n8(2+3n) , 15+8n8(2+3n) , 18 ; 1, 1+16n4(2+3n) )
µ = 1 + 32n
mini = {[z4z75, 0], [z3z75, 0], [0, z−2+n2 z155 ], [0, z−2+n2 z24z75], [0, z−1+n2 z75], [0, z−1+n2 z4]}
(243)
{
z1z2 + z3z4 + z
n
5 = 0
z1z4 + z
2
3 + z
2
2z5 = 0
n ≥ 9
(w1,w2,w3,w4,w5; 1, d) = (3+4n8n , −3+4n8n , 1+4n8n , −1+4n8n , 1n ; 1, 1+4n4n )
µ = 1 + 8n
mini = {[z4z−1+n5 , 0], [z3z−1+n5 , 0], [0, z−1+2n5 ], [0, z24z−1+n5 ], [0, z2z−1+n5 ], [0, z2z4]}
(244)
{
z1z2 + z3z4 = 0
z1z4 + z
2
3 + z
n
2z5 + z
3
5 = 0
n ≥ 2
(w1,w2,w3,w4,w5; 1, d) = (−4+9n4+9n , 84+9n , 6n4+9n , 4+3n4+9n , 4n4+9n ; 1, 12n4+9n )
µ = 5 + 9n
mini = {[z25, 0], [z4z5, 0], [z3z5, 0], [0, z−2+n2 z24z5], [0, z−1+n2 z4z5], [0, z−2+2n2 z24], [0, z−1+2n2 z4]}
(245)
{
z1z2 + z3z4 = 0
z1z4 + z
2
3 + z
n
2z5 + z
4
5 = 0
n ≥ 2
(w1,w2,w3,w4,w5; 1, d) = (−1+2n1+2n , 21+2n , 4n3(1+2n) , 3+2n3(1+2n) , 2n3(1+2n) ; 1, 8n3(1+2n) )
µ = 7 + 12n
mini = {[z35, 0], [z4z25, 0], [z3z25, 0], [0, z−2+n2 z24z25], [0, z−1+n2 z4z25], [0, z−2+2n2 z24], [0, z−1+2n2 z4]}
(246)
{
z1z2 + z3z4 = 0
z1z4 + z
2
3 + z
n
2z5 + z
5
5 = 0
2 ≤ n ≤ 7
(w1,w2,w3,w4,w5; 1, d) = (−8+15n8+15n , 168+15n , 10n8+15n , 8+5n8+15n , 4n8+15n ; 1, 20n8+15n )
µ = 9 + 15n
mini = {[z45, 0], [z4z35, 0], [z3z35, 0], [0, z−2+n2 z24z35], [0, z−1+n2 z4z35], [0, z−2+2n2 z24], [0, z−1+2n2 z4]}
(247)
{
z1z2 + z3z4 = 0
z1z4 + z
2
3 + z
n
2z5 + z
6
5 = 0
2 ≤ n ≤ 4
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(w1,w2,w3,w4,w5; 1, d) = (−5+9n5+9n , 105+9n , 6n5+9n , 5+3n5+9n , 2n5+9n ; 1, 12n5+9n )
µ = 11 + 18n
mini = {[z55, 0], [z4z45, 0], [z3z45, 0], [0, z−2+n2 z24z45], [0, z−1+n2 z4z45], [0, z−2+2n2 z24], [0, z−1+2n2 z4]}
(248)
{
z1z2 + z3z4 = 0
z1z4 + z
2
3 + z
n
2z5 + z
7
5 = 0
2 ≤ n ≤ 3
(w1,w2,w3,w4,w5; 1, d) = (−4+7n4+7n , 84+7n , 14n3(4+7n) , 12+7n3(4+7n) , 4n3(4+7n) ; 1, 28n3(4+7n) )
µ = 13 + 21n
mini = {[z65, 0], [z4z55, 0], [z3z55, 0], [0, z−2+n2 z24z55], [0, z−1+n2 z4z55], [0, z−2+2n2 z24], [0, z−1+2n2 z4]}
(249)
{
z1z2 + z3z4 = 0
z1z4 + z
2
3 + z
n
2z5 + z
8
5 = 0
2 ≤ n ≤ 3
(w1,w2,w3,w4,w5; 1, d) = (−7+12n7+12n , 147+12n , 8n7+12n , 7+4n7+12n , 2n7+12n ; 1, 16n7+12n )
µ = 3(5 + 8n)
mini = {[z145 , 0], [z4z75, 0], [z3z65, 0], [0, z−2+n2 z24z75], [0, z−1+n2 z75], [0, z−1+n2 z4]}
(250)
{
z1z2 + z3z4 = 0
z1z4 + z
2
3 + z
n
2z5 + z
9
5 = 0
2 ≤ n ≤ 3
(w1,w2,w3,w4,w5; 1, d) = (−16+27n16+27n , 3216+27n , 18n16+27n , 16+9n16+27n , 4n16+27n ; 1, 36n16+27n )
µ = 17 + 27n
mini = {[z165 , 0], [z4z85, 0], [z3z75, 0], [0, z−2+n2 z24z85], [0, z−1+n2 z85], [0, z−1+n2 z4]}
(251)
{
z1z2 + z3z4 = 0
z1z4 + z
2
3 + z
2
2z5 + z
n
5 = 0
n ≥ 10
(w1,w2,w3,w4,w5; 1, d) = ( 1+2n−1+4n , 2(−1+n)−1+4n , 2n−1+4n , −1+2n−1+4n , 4−1+4n ; 1, 4n−1+4n )
µ = −1 + 8n
mini = {[z−2+2n5 , 0], [z4z−1+n5 , 0], [z3z−2+n5 , 0], [0, z24z−1+n5 ], [0, z2z−1+n5 ], [0, z2z4]}
(252)
{
z1z2 + z3z4 + z
3
5 = 0
z1z4 + z
2
3 + z
3n
2 z4 + z
2n
2 z
2
5 = 0
n ≥ 1
(w1,w2,w3,w4,w5; 1, d) = ( 3n1+3n , 11+3n , 1+6n3(1+3n) , 2+3n3(1+3n) , 13 ; 1, 2(1+6n)3(1+3n) )
µ = 5 + 36n
mini = {[z4z5, 0], [z3z5, 0], [0, z−2+2n2 z45], [0, z−1+2n2 z35], [0, z−2+3n2 z24z5], [0, z−1+4n2 z4z5],
[0, z6n2 z5], [0, z−1+6n2 z4], [0, z8n2 ]}
(253)
{
z1z2 + z3z4 = 0
z1z4 + z
2
3 + z
n
2z4 + z
2
5 = 0
n ≥ 2
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(w1,w2,w3,w4,w5; 1, d) = ( n1+n , 11+n , 1+2n3(1+n) , 2+n3(1+n) , 1+2n3(1+n) ; 1, 2(1+2n)3(1+n) )
µ = 5 + 4n
mini = {[z5, 0], [z4, 0], [z3, 0], [0, z−1+n2 z24], [0, z2n2 ]}
(254)
{
z1z2 + z3z4 = 0
z1z4 + z
2
3 + z
n
2z4 + z
3
5 = 0
n ≥ 2
(w1,w2,w3,w4,w5; 1, d) = ( n1+n , 11+n , 1+2n3(1+n) , 2+n3(1+n) , 2(1+2n)9(1+n) ; 1, 2(1+2n)3(1+n) )
µ = 9 + 8n
mini = {[z25, 0], [z4z5, 0], [z3z5, 0], [0, z−1+n2 z24z5], [0, z2n2 z5]}
(255)
{
z1z2 + z3z4 = 0
z1z4 + z
2
3 + z
n
2z4 + z
4
5 = 0
n ≥ 2
(w1,w2,w3,w4,w5; 1, d) = ( n1+n , 11+n , 1+2n3(1+n) , 2+n3(1+n) , 1+2n6(1+n) ; 1, 2(1+2n)3(1+n) )
µ = 13 + 12n
mini = {[z35, 0], [z4z25, 0], [z3z25, 0], [0, z−1+n2 z24z25], [0, z2n2 z25]}
(256)
{
z1z2 + z3z4 = 0
z1z4 + z
2
3 + z
n
2z4 + z
5
5 = 0
2 ≤ n ≤ 6
(w1,w2,w3,w4,w5; 1, d) = ( n1+n , 11+n , 1+2n3(1+n) , 2+n3(1+n) , 2(1+2n)15(1+n) ; 1, 2(1+2n)3(1+n) )
µ = 17 + 16n
mini = {[z45, 0], [z4z35, 0], [z3z35, 0], [0, z−1+n2 z24z35], [0, z2n2 z35]}
(257)
{
z1z2 + z3z4 = 0
z1z4 + z
2
3 + z
n
2z4 + z
6
5 = 0
2 ≤ n ≤ 3
(w1,w2,w3,w4,w5; 1, d) = ( n1+n , 11+n , 1+2n3(1+n) , 2+n3(1+n) , 1+2n9(1+n) ; 1, 2(1+2n)3(1+n) )
µ = 21 + 20n
mini = {[z55, 0], [z4z45, 0], [z3z45, 0], [0, z−1+n2 z24z45], [0, z2n2 z45]}
(258)
{
z1z2 + z3z4 = 0
z1z4 + z
2
3 + z
2
2z4 + z
n
5 = 0
7 ≤ n ≤ 9
(w1,w2,w3,w4,w5; 1, d) = (23 , 13 , 59 , 49 , 109n ; 1, 109 )
µ = −11 + 12n
mini = {[z−2+2n5 , 0], [z4z−2+n5 , 0], [z3z−2+n5 , 0], [0, z24z−2+n5 ], [0, z2z4z−2+n5 ], [0, z42z−2+n5 ]}
(259)
{
z1z2 + z3z4 + z
n5
5 = 0
z1z4 + z3z5 + z
n2
2 z4 = 0
n2 ≥ 2 and 2 ≤ n5 ≤ 1 + n2
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(w1,w2,w3,w4,w5; 1, d) = ( n21+n2 , 11+n2 ,
−1−n2+n5+2n2n5
2(1+n2)n5 ,
1+n2+n5
2(1+n2)n5 ,
1
n5
; 1, 1+n2+n5+2n2n52(1+n2)n5 )
µ = 2 + n2 + n5 + 2n2n5
mini = {[z−1+n55 , 0], [z3, 0], [0, z−1+n22 z4z−1+n55 ], [0, z2n22 ]}
(260)
{
z1z2 + z3z4 = 0
z1z4 + z3z5 + z
n2
2 z4 + z
n5
5 = 0
n2 ≥ 2 and 3 ≤ n5 ≤ 1 + n2
(w1,w2,w3,w4,w5; 1, d) = ( n21+n2 , 11+n2 ,
(1+2n2)(−1+n5)
(1+n2)(−1+2n5) ,
n2+n5
(1+n2)(−1+2n5) ,
1+2n2
(1+n2)(−1+2n5) ; 1,
n5+2n2n5
(1+n2)(−1+2n5) )
µ = 1 + 2(1 + n2)n5
mini = {[z−1+n55 , 0], [z3, 0], [0, zn22 z−1+n55 ], [0, z−1+n22 z4z−2+n55 ], [0, z2n22 ]}
(261)
{
z1z2 + z3z4 + z
2
5 = 0
z1z5 + z
2
3 + z
3
4 + z
4
2 = 0
(w1,w2,w3,w4,w5; 1, d) = ( 710 , 310 , 35 , 25 , 12 ; 1, 65)
µ = 24
mini = {[z5, 0], [z4, 0], [0, z25], [0, z2z4z5], [0, z32z5], [0, z2z24], [0, z42z4], [0, z62]}
(262)
{
z1z2 + z3z4 + z
2
5 = 0
z1z5 + z
2
3 + z
4
4 + z
8
2 = 0
(w1,w2,w3,w4,w5; 1, d) = (56 , 16 , 23 , 13 , 12 ; 1, 43)
µ = 59
mini = {[z5, 0], [z4, 0], [0, z62z25], [0, z52z4z5], [0, z22z34], [0, z62z24], [0, z102 z4], [0, z142 ]}
(263)
{
z1z2 + z3z4 + z
2
5 = 0
z1z5 + z
2
3 + z
5
4 + z
20
2 = 0
(w1,w2,w3,w4,w5; 1, d) = (1314 , 114 , 57 , 27 , 12 ; 1, 107 )
µ = 174
mini = {[z5, 0], [z4, 0], [0, z182 z25], [0, z172 z4z5], [0, z182 z44], [0, z382 ]}
(264)
{
z1z2 + z3z4 + z
3
5 = 0
z1z5 + z
2
3 + z
3
4 + z
9
2 = 0
(w1,w2,w3,w4,w5; 1, d) = (1315 , 215 , 35 , 25 , 13 ; 1, 65)
µ = 68
mini = {[z25, 0], [z4, 0], [0, z22z35], [0, z72z25], [0, z62z4z5], [0, z122 z5], [0, z72z24], [0, z162 ]}
(265)
{
z1z2 + z3z4 + z
4
5 = 0
z1z5 + z
2
3 + z
3
4 + z
24
2 = 0
(w1,w2,w3,w4,w5; 1, d) = (1920 , 120 , 35 , 25 , 14 ; 1, 65)
µ = 212
mini = {[z35, 0], [z4, 0], [0, z222 z45], [0, z212 z4z5], [0, z222 z24], [0, z462 ]}
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(266)
{
z1z2 + z3z4 = 0
z1z5 + z
2
3 + z
4
4 + z
3
5 + z
12
2 = 0
(w1,w2,w3,w4,w5; 1, d) = (89 , 19 , 23 , 13 , 49 ; 1, 43)
µ = 94
mini = {[z25, 0], [z4, 0], [0, z112 z25], [0, z92z4z5], [0, z42z34], [0, z102 z24], [0, z162 z4], [0, z222 ]}
(267)
{
z1z2 + z3z4 = 0
z1z5 + z
2
3 + z
5
4 + z
3
5 + z
30
2 = 0
(w1,w2,w3,w4,w5; 1, d) = (2021 , 121 , 57 , 27 , 1021 ; 1, 107 )
µ = 267
mini = {[z25, 0], [z4, 0], [0, z292 z25], [0, z272 z4z5], [0, z282 z44], [0, z582 ]}
(268)
{
z1z2 + z3z4 = 0
z1z5 + z
2
3 + z
3
4 + z
4
5 + z
12
2 = 0
(w1,w2,w3,w4,w5; 1, d) = ( 910 , 110 , 35 , 25 , 310 ; 1, 65 )
µ = 96
mini = {[z35, 0], [z4, 0], [0, z52z35], [0, z112 z25], [0, z92z4z5], [0, z172 z5], [0, z102 z24], [0, z222 ]}
(269)
{
z1z2 + z3z4 = 0
z1z5 + z
2
3 + z
3
4 + z
5
5 + z
30
2 = 0
(w1,w2,w3,w4,w5; 1, d) = (2425 , 125 , 35 , 25 , 625 ; 1, 65 )
µ = 271
mini = {[z45, 0], [z4, 0], [0, z292 z45], [0, z272 z4z5], [0, z282 z24], [0, z582 ]}
(270)
{
z1z2 + z3z4 + z
2n
5 = 0
z1z5 + z
2
3 + z2z
2
4 + z
−1+3n
2 z5 = 0
n ≥ 1
(w1,w2,w3,w4,w5; 1, d) = (−1+3n3n , 13n , 1+6n12n , −1+6n12n , 12n ; 1, 1+6n6n )
µ = 1 + 13n + 6n2
mini = {[z−1+2n5 , 0], [z4, 0], [0, z2n5 ], [0, z−3+3n2 z−1+2n5 ], [0, z−6+6n2 z25], [0, z−2+3n2 z4z5], [0, z−3+6n2 z5],
[0, z24], [0, z−1+3n2 z4], [0, z−1+6n2 ]}
(271)
{
z1z2 + z3z4 + z
1+2n
5 = 0
z1z5 + z
2
3 + z2z
2
4 + z
2+3n
2 = 0
n ≥ 1
(w1,w2,w3,w4,w5; 1, d) = ( 1+6n3(1+2n) , 23(1+2n) , 2+3n3(1+2n) , 1+3n3(1+2n) , 11+2n ; 1, 2(2+3n)3(1+2n) )
µ = 9 + 19n + 6n2
mini = {[z2n5 , 0], [z4, 0], [0, z1+2n5 ], [0, z3n2 z2n5 ], [0, z−1+3n2 z4z5], [0, z6n2 z5], [0, z24], [0, z1+3n2 z4],
[0, z2+6n2 ]}
(272)
{
z1z2 + z3z4 + z
2
5 = 0
z1z5 + z
2
3 + z2z
3
4 + z
6
2 = 0
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(w1,w2,w3,w4,w5; 1, d) = (1114 , 314 , 914 , 514 , 12 ; 1, 97)
µ = 41
mini = {[z5, 0], [z4, 0], [0, z22z25], [0, z32z4z5], [0, z62z5], [0, z34], [0, z32z24], [0, z72z4], [0, z102 ]}
(273)
{
z1z2 + z3z4 + z
2
5 = 0
z1z5 + z
2
3 + z2z
4
4 + z
11
2 = 0
(w1,w2,w3,w4,w5; 1, d) = (78 , 18 , 1116 , 516 , 12 ; 1, 118 )
µ = 87
mini = {[z5, 0], [z4, 0], [0, z92z25], [0, z82z4z5], [0, z44], [0, z52z34], [0, z102 z24], [0, z152 z4], [0, z202 ]}
(274)
{
z1z2 + z3z4 + z
2
5 = 0
z1z5 + z
2
3 + z2z
5
4 + z
26
2 = 0
(w1,w2,w3,w4,w5; 1, d) = (1718 , 118 , 1318 , 518 , 12 ; 1, 139 )
µ = 233
mini = {[z5, 0], [z4, 0], [0, z242 z25], [0, z232 z4z5], [0, z54], [0, z252 z44], [0, z502 ]}
(275)
{
z1z2 + z3z4 + z
3
5 = 0
z1z5 + z
2
3 + z2z
3
4 + z
13
2 = 0
(w1,w2,w3,w4,w5; 1, d) = (1921 , 221 , 1321 , 821 , 13 ; 1, 2621)
µ = 103
mini = {[z25, 0], [z4, 0], [0, z42z35], [0, z112 z25], [0, z102 z4z5], [0, z182 z5], [0, z34], [0, z122 z24], [0, z242 ]}
(276)
{
z1z2 + z3z4 + z
4
5 = 0
z1z5 + z
2
3 + z2z
3
4 + z
34
2 = 0
(w1,w2,w3,w4,w5; 1, d) = (2728 , 128 , 1728 , 1128 , 14 ; 1, 1714)
µ = 305
mini = {[z35, 0], [z4, 0], [0, z322 z45], [0, z312 z4z5], [0, z34], [0, z332 z24], [0, z662 ]}
(277)
{
z1z2 + z3z4 = 0
z1z5 + z
2
3 + z2z
2
4 + z
1+2n
5 + z
3n
2 z5 = 0
n ≥ 1
(w1,w2,w3,w4,w5; 1, d) = ( 3n1+3n , 11+3n , 3(1+2n)4(1+3n) , 1+6n4(1+3n) , 32(1+3n) ; 1, 3(1+2n)2(1+3n) )
µ = 6 + 17n + 6n2
mini = {[z2n5 , 0], [z4, 0], [0, z22z2n5 ], [0, z−1+3n2 z−1+2n5 ], [0, z−4+6n2 z25], [0, z−1+3n2 z4z5], [0, z−1+6n2 z5],
[0, z24], [0, z3n2 z4], [0, z1+6n2 ]}
(278)
{
z1z2 + z3z4 = 0
z1z5 + z
2
3 + z2z
2
4 + z
2n
5 + z
3n
2 = 0
n ≥ 2
(w1,w2,w3,w4,w5; 1, d) = (3(−1+2n)−1+6n , 2−1+6n , 3n−1+6n , −1+3n−1+6n , 3−1+6n ; 1, 6n−1+6n )
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µ = −1 + 11n + 6n2
mini = {[z−1+2n5 , 0], [z4, 0], [0, z22z−1+2n5 ], [0, z−1+3n2 z−2+2n5 ], [0, z−3+3n2 z4z5], [0, z−4+6n2 z5],
[0, z24], [0, z−1+3n2 z4], [0, z−2+6n2 ]}
(279)
{
z1z2 + z3z4 = 0
z1z5 + z
2
3 + z2z
3
4 + z
3
5 + z
8
2 = 0
(w1,w2,w3,w4,w5; 1, d) = (1619 , 319 , 1219 , 719 , 819 ; 1, 2419)
µ = 58
mini = {[z25, 0], [z4, 0], [0, z42z25], [0, z52z4z5], [0, z92z5], [0, z34], [0, z52z24], [0, z102 z4], [0, z142 ]}
(280)
{
z1z2 + z3z4 = 0
z1z5 + z
2
3 + z2z
3
4 + z
4
5 + z
16
2 = 0
(w1,w2,w3,w4,w5; 1, d) = (1213 , 113 , 813 , 513 , 413 ; 1, 1613)
µ = 131
mini = {[z35, 0], [z4, 0], [0, z72z35], [0, z152 z25], [0, z132 z4z5], [0, z232 z5], [0, z34], [0, z152 z24], [0, z302 ]}
(281)
{
z1z2 + z3z4 = 0
z1z5 + z
2
3 + z2z
3
4 + z
5
5 + z
40
2 = 0
(w1,w2,w3,w4,w5; 1, d) = (3233 , 133 , 2033 , 1333 , 833 ; 1, 4033)
µ = 364
mini = {[z45, 0], [z4, 0], [0, z392 z45], [0, z372 z4z5], [0, z34], [0, z392 z24], [0, z782 ]}
(282)
{
z1z2 + z3z4 = 0
z1z5 + z
2
3 + z2z
4
4 + z
3
5 + z
15
2 = 0
(w1,w2,w3,w4,w5; 1, d) = (1011 , 111 , 1522 , 722 , 511 ; 1, 1511)
µ = 122
mini = {[z25, 0], [z4, 0], [0, z142 z25], [0, z122 z4z5], [0, z44], [0, z72z34], [0, z142 z24], [0, z212 z4], [0, z282 ]}
(283)
{
z1z2 + z3z4 = 0
z1z5 + z
2
3 + z2z
5
4 + z
3
5 + z
36
2 = 0
(w1,w2,w3,w4,w5; 1, d) = (2425 , 125 , 1825 , 725 , 1225 ; 1, 3625)
µ = 326
mini = {[z25, 0], [z4, 0], [0, z352 z25], [0, z332 z4z5], [0, z54], [0, z352 z44], [0, z702 ]}
(284)
{
z1z2 + z3z4 + z
2
5 = 0
z1z5 + z2z
2
3 + z
3
4 + z
7
2 = 0
(w1,w2,w3,w4,w5; 1, d) = (1316 , 316 , 916 , 716 , 12 ; 1, 2116)
µ = 47
mini = {[z5, 0], [0, z22z25], [0, z72z5], [0, z32z24], [0, z82z4], [0, z23], [0, z62z3], [0, z122 ]}
(285)
{
z1z2 + z3z4 + z
2
5 = 0
z1z5 + z2z
2
3 + z
4
4 + z
14
2 = 0
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(w1,w2,w3,w4,w5; 1, d) = ( 910 , 110 , 1320 , 720 , 12 ; 1, 75)
µ = 109
mini = {[z5, 0], [0, z122 z25], [0, z52z34], [0, z122 z24], [0, z192 z4], [0, z23], [0, z132 z3], [0, z262 ]}
(286)
{
z1z2 + z3z4 + z
2
5 = 0
z1z5 + z2z
2
3 + z
5
4 + z
35
2 = 0
(w1,w2,w3,w4,w5; 1, d) = (2324 , 124 , 1724 , 724 , 12 ; 1, 3524)
µ = 311
mini = {[z5, 0], [0, z332 z25], [0, z332 z44], [0, z23], [0, z342 z3], [0, z682 ]}
(287)
{
z1z2 + z3z4 + z
3
5 = 0
z1z5 + z2z
2
3 + z
3
4 + z
15
2 = 0
(w1,w2,w3,w4,w5; 1, d) = (1112 , 112 , 712 , 512 , 13 ; 1, 54)
µ = 118
mini = {[z25, 0], [0, z52z35], [0, z132 z25], [0, z212 z5], [0, z132 z24], [0, z23], [0, z142 z3], [0, z282 ]}
(288)
{
z1z2 + z3z4 + z
4
5 = 0
z1z5 + z2z
2
3 + z
3
4 + z
39
2 = 0
(w1,w2,w3,w4,w5; 1, d) = (3132 , 132 , 1932 , 1332 , 14 ; 1, 3932)
µ = 349
mini = {[z35, 0], [0, z372 z45], [0, z372 z24], [0, z23], [0, z382 z3], [0, z762 ]}
(289)
{
z1z2 + z3z4 = 0
z1z5 + z2z
2
3 + z
3
4 + z
3
5 + z
9
2 = 0
(w1,w2,w3,w4,w5; 1, d) = (67 , 17 , 47 , 37 , 37 ; 1, 97)
µ = 64
mini = {[z25, 0], [0, z42z25], [0, z102 z5], [0, z52z24], [0, z112 z4], [0, z23], [0, z82z3], [0, z162 ]}
(290)
{
z1z2 + z3z4 = 0
z1z5 + z2z
2
3 + z
4
4 + z
3
5 + z
18
2 = 0
(w1,w2,w3,w4,w5; 1, d) = (1213 , 113 , 1726 , 926 , 613 ; 1, 1813)
µ = 144
mini = {[z25, 0], [0, z172 z25], [0, z72z34], [0, z162 z24], [0, z252 z4], [0, z23], [0, z172 z3], [0, z342 ]}
(291)
{
z1z2 + z3z4 = 0
z1z5 + z2z
2
3 + z
5
4 + z
3
5 + z
45
2 = 0
(w1,w2,w3,w4,w5; 1, d) = (3031 , 131 , 2231 , 931 , 1531 ; 1, 4531)
µ = 404
mini = {[z25, 0], [0, z442 z25], [0, z432 z44], [0, z23], [0, z442 z3], [0, z882 ]}
(292)
{
z1z2 + z3z4 = 0
z1z5 + z2z
2
3 + z
3
4 + z
4
5 + z
18
2 = 0
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(w1,w2,w3,w4,w5; 1, d) = (2729 , 229 , 1729 , 1229 , 929 ; 1, 3629)
µ = 146
mini = {[z35, 0], [0, z82z35], [0, z172 z25], [0, z262 z5], [0, z162 z24], [0, z23], [0, z172 z3], [0, z342 ]}
(293)
{
z1z2 + z3z4 = 0
z1z5 + z2z
2
3 + z
3
4 + z
5
5 + z
45
2 = 0
(w1,w2,w3,w4,w5; 1, d) = (3637 , 137 , 2237 , 1537 , 937 ; 1, 4537)
µ = 408
mini = {[z45, 0], [0, z442 z45], [0, z432 z24], [0, z23], [0, z442 z3], [0, z882 ]}
(294)
{
z1z2 + z3z4 + z
2
5 = 0
z1z5 + z2z
2
3 + z2z
3
4 + z
9
2 = 0
(w1,w2,w3,w4,w5; 1, d) = (1720 , 320 , 35 , 25 , 12 ; 1, 2720 )
µ = 64
mini = {[z5, 0], [0, z42z25], [0, z102 z5], [0, z34], [0, z52z24], [0, z112 z4], [0, z23], [0, z82z3], [0, z162 ]}
(295)
{
z1z2 + z3z4 + z
3
5 = 0
z1z5 + z2z
2
3 + z2z
3
4 + z
19
2 = 0
(w1,w2,w3,w4,w5; 1, d) = (1415 , 115 , 35 , 25 , 13 ; 1, 1915 )
µ = 153
mini = {[z25, 0], [0, z72z35], [0, z172 z25], [0, z272 z5], [0, z34], [0, z182 z24], [0, z23], [0, z182 z3], [0, z362 ]}
(296)
{
z1z2 + z3z4 + z
4
5 = 0
z1z5 + z2z
2
3 + z2z
3
4 + z
49
2 = 0
(w1,w2,w3,w4,w5; 1, d) = (3940 , 140 , 35 , 25 , 14 ; 1, 4940 )
µ = 442
mini = {[z35, 0], [0, z472 z45], [0, z34], [0, z482 z24], [0, z23], [0, z482 z3], [0, z962 ]}
(297)
{
z1z2 + z3z4 + z
2
5 = 0
z1z5 + z2z
2
3 + z2z
4
4 + z
17
2 = 0
(w1,w2,w3,w4,w5; 1, d) = (1112 , 112 , 23 , 13 , 12 ; 1, 1712 )
µ = 137
mini = {[z5, 0], [0, z152 z25], [0, z44], [0, z82z34], [0, z162 z24], [0, z242 z4], [0, z23], [0, z162 z3], [0, z322 ]}
(298)
{
z1z2 + z3z4 + z
2
5 = 0
z1z5 + z2z
2
3 + z2z
5
4 + z
41
2 = 0
(w1,w2,w3,w4,w5; 1, d) = (2728 , 128 , 57 , 27 , 12 ; 1, 4128 )
µ = 370
mini = {[z5, 0], [0, z392 z25], [0, z54], [0, z402 z44], [0, z23], [0, z402 z3], [0, z802 ]}
(299)
{
z1z2 + z3z4 = 0
z1z5 + z2z
2
3 + z2z
3
4 + z
3
5 + z
11
2 = 0
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(w1,w2,w3,w4,w5; 1, d) = (2225 , 325 , 35 , 25 , 1125 ; 1, 3325 )
µ = 81
mini = {[z25, 0], [0, z62z25], [0, z132 z5], [0, z34], [0, z72z24], [0, z142 z4], [0, z23], [0, z102 z3], [0, z202 ]}
(300)
{
z1z2 + z3z4 = 0
z1z5 + z2z
2
3 + z2z
3
4 + z
4
5 + z
22
2 = 0
(w1,w2,w3,w4,w5; 1, d) = (3335 , 235 , 35 , 25 , 1135 ; 1, 4435 )
µ = 181
mini = {[z35, 0], [0, z102 z35], [0, z212 z25], [0, z322 z5], [0, z34], [0, z212 z24], [0, z23], [0, z212 z3], [0, z422 ]}
(301)
{
z1z2 + z3z4 = 0
z1z5 + z2z
2
3 + z2z
3
4 + z
5
5 + z
55
2 = 0
(w1,w2,w3,w4,w5; 1, d) = (4445 , 145 , 35 , 25 , 1145 ; 1, 119 )
µ = 501
mini = {[z45, 0], [0, z542 z45], [0, z34], [0, z542 z24], [0, z23], [0, z542 z3], [0, z992 ]}
(302)
{
z1z2 + z3z4 = 0
z1z5 + z2z
2
3 + z2z
4
4 + z
3
5 + z
21
2 = 0
(w1,w2,w3,w4,w5; 1, d) = (1415 , 115 , 23 , 13 , 715 ; 1, 75 )
µ = 172
mini = {[z25, 0], [0, z202 z25], [0, z44], [0, z102 z34], [0, z202 z24], [0, z302 z4], [0, z23], [0, z202 z3], [0, z402 ]}
(303)
{
z1z2 + z3z4 = 0
z1z5 + z2z
2
3 + z2z
5
4 + z
3
5 + z
51
2 = 0
(w1,w2,w3,w4,w5; 1, d) = (3435 , 135 , 57 , 27 , 1735 ; 1, 5135 )
µ = 463
mini = {[z25, 0], [0, z502 z25], [0, z54], [0, z502 z44], [0, z23], [0, z502 z3], [0, z992 ]}
Proof. It is easy to check that each singularities defined by pairs of polynomials in the list above
are thee dimensional isolated rational complete intersection singularities. By Lemma 5.2 (1),
we know that for any i ∈ {1, 2, 3, 4, 5}, one of the following cases occurs:
(1a) znii appears in f1 for some ni,
(1b) znii appears in f2 for some ni,
(1c) there exist ji, ki ∈ {1, 2, 3, 4, 5} \ {i} and ji , ki such that znii z ji appears in f1 for some ni and
zmii zki appears in f2 for some mi.
For each i ∈ {1, 2, 3, 4, 5}, if one of (1a), (1b) and (1c) occurs, then there are 35 = 243 cases.
If (1a) or (1b) occurs, one monomial which appear in f1 and f2 can be determined. And if (1c)
occurs, then two monomials which appear in f1 and f2 can be determined. Now we consider the
following two cases:
(I) There exists i ∈ {1, 2, 3, 4, 5} such that (1c) occurs. Therefore more than 6 monomials in
f1 and f2 are determined. Thus we get more than 6 equations of w1, · · · ,w5, d (for instance,
if we have zn11 z2 appears in f2, then we have n1w1 + w2 = d). So (w1, · · · ,w5, d) is uniquely
determined by solving these 6 linear equations. And we have checked that each weight type
(w1, · · · ,w5; 1, d) obtained by this way, which satisfies the rational condition w1 + · · · + w5 >
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1 + d and the conditions listed in Corollary 5.1, is the same as one of the weight types of the
singularities in the list up to permutation of coordinates.
More explicitly, for example, we treat the case that zn11 , · · · , z
n4
4 , z
n5
5 z4 appear in f1 and zm55 z3
appears in f2. Then we can get w1 = 1n1 , · · · ,w4 = 1n4 ,w5 =
n4−1
n4n5
, d = m5(n4−1)
n4n5
+ 1
n3
by solving
the 6 corresponding linear equations. Without lose of generality, we may assume that w1 ≥ w2.
Since we have w1 + · · · + w5 > 1 + d and d ≥ 1, so we conclude that (n1, · · · , n5,m5) can only
be one of the following cases:
(1) (2, 2, u, v, 1, 1), 2 ≤ u ≤ v
(2) (2, 3, u, v, 1, 1), 2 ≤ u ≤ v ≤ 5
(3) (2, 4, u, v, 1, 1), 2 ≤ u ≤ v ≤ 3
(4) (2, 5, u, v, 1, 1), 2 ≤ u ≤ v ≤ 3
(5) (2, u, 2, 2, 1, 1), u ≥ 6
(6) (3, u, 2, 2, 1, 1), 3 ≤ u ≤ 5
(7) (2, 2, 2, 2, u, u), u ≥ 2
(8) (2, 2, 2, u, 2, 1), u ≥ 2
(9) (2, 3, 2, 2, 2, 2).
Then we only consider the infinite cases (1), (5) and (7). The other finite cases can be checked
easily.
For infinite case (1), we have
w1 = w2 =
1
2
,w3 =
1
u
,w4 =
1
v
,w5 = 1 −
1
v
, d = 1 − 1
v
+
1
u
, 2 ≤ u ≤ v
By Corollary 5.1 (2), we have d ∈ N(w1,w2) or there exists k ∈ {3, 4, 5} such that d − wk ∈
N(w1,w2), it follows that one of following cases occurs:
(i). d ∈ N(12 , 12)
(ii). d − 1
u
∈ N(12 , 12)
(iii). d − 1
v
∈ N(12 , 12)
(iv). d + 1
v
− 1 ∈ N(12 , 12 ).
If (i) d ∈ N(12 , 12) occurs, since v ≥ u ≥ 2, so we have 1 ≤ d = 1 − 1v + 1u < 32 , thus d = 1 and
u = v.
If (ii) d − 1
u
∈ N(12 , 12) occurs, since v ≥ 2, we have 12 ≤ d − 1u = 1 − 1v < 1, thus 1 − 1v = 12 .
Hence we have v = 2. Since 2 ≤ u ≤ v, so we have u = 2.
If (iv) d + 1
v
− 1 ∈ N(12 , 12) occurs, i.e. 1u = d + 1v − 1 ∈ N(12 , 12). Since 0 < 1u ≤ 12 , we have
1
u
= 12 . Therefore we have u = 2.
If (iii) d − 1
v
∈ N(12 , 12) occurs, since 2 ≤ u ≤ v, we have 0 < d − 1v = 1 − 2v + 1u < 32 . Thus we
have d − 1
v
= 1 − 2
v
+ 1
u
= 12 or 1. If d −
1
v
= 12 , notice that d ≥ 1 and 2 ≤ u ≤ v, thus we have
v = u = 2. If d − 1
v
= 1 − 2
v
+ 1
u
= 1, we have 2u = v.
In conclusion, we have 2 ≤ u = v or 2 = u ≤ v or 4 ≤ 2u = v. So (w1, ..,w5; 1, d) is same as one
of the following cases:
case (1) 2 ≤ u = v ⇒ (w1, ..,w5; 1, d) = (12 , 12 , 1n , 1n , n−1n ; 1, 1), n ≥ 2
case (2) 2 = u ≤ v ⇒ (w1, ..,w5; 1, d) = (12 , 12 , 12 , 1n , 12 ; 1, 1), n ≥ 2
case (3) 2u = v ⇒ (w1, ..,w5; 1, d) = (12 , 12 , 1n , 12n , 2n−12n ; 1, 2n+12n ), n ≥ 2.
And we can see that case (1); case (2) and case (3) corresponds to the 1st (n = 2), 59th; 1th;
and 55th, 60th singularities in the list respectively.
For infinite case (5), we have
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w1 = w3 = w4 = w5 =
1
2
,w2 =
1
u
, d = 1.
For infinite case (7), we have
w1 = w2 = w3 = w4 =
1
2
,w5 =
1
2u
, d = 1.
it is easy to seen that (w1, ..,w5; 1, d) of infinite cases (5) and (7) is included in the weight types
of the 1th singularities in the list up to permutation of coordinates.
(II) For each i ∈ {1, 2, 3, 4, 5}, (1a) or (1b) occurs. Then there are only 5 monomials in f1
and f2 can be determined. In order to determine (w1, · · · ,w5; d), we need at least one more
monomial included in f1 and f2. Since 5 monomials in f1 and f2 are known, so it is easy to seen
that one of following will occurs:
(a) there exists {i1, i2} ⊂ {1, 2, 3, 4, 5} such that (1a) occurs when i = i1, i2
(b) there exists { j1, j2} ⊂ {1, 2, 3, 4, 5} such that (1b) occurs when i = j1, j2.
If (a) occurs, then by Lemma 5.2 (2), we have zai1zbi2 appears in f2 for some non-negative integer
a, b or there exist k ∈ {1, 2, 3, 4, 5} \ {i1, i2} such that zkzai1z
b
i2 appears in f2 for some non-negative
integer a, b. Thus we have 6 monomials in f1 and f2 are determined now.
If (b) occurs, then by Lemma 5.2 (2), we have zaj1zbj2 appears in f1 for some non-negative integer
a, b or there exist k ∈ {1, 2, 3, 4, 5} \ { j1, j2} such that zkzaj1zbj2 appears in f1 for some non-negative
integer a, b. Thus there are 6 monomials in f1 and f2 are determined now.
More explicitly, let us consider the example that zn11 , z
n2
2 , z
n3
3 appear in f1, and zn44 , zn55 appear in f2.
Then by Lemma 5.2 (2) we have za4zb5 appears in f1 for some non-negative integers a, b or there
exist k ∈ {1, 2, 3} such that zkza4zb5 appears in f1 for some non-negative integer a, b. Thus there
are 6 monomials in f1 and f2 are determined. It follows that (w1, · · · ,w5; d) is determined as
above. And we have checked that each weight type (w1, · · · ,w5; 1, d) gotten by this way, which
satisfies the rational condition w1 + · · · + w5 > 1 + d and the conditions listed in Corollary 5.1,
is the same as one of the weight types of the singularities in the above list up to permutation of
coordinates.
Q.E.D.
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